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SEWAGE AND INDUSTRIAL WASTES 


more efficient 
in operation, 


LIFTS UP FOR DIFFUSER 
MAINTENANCE 


Individual Swing Diffusers can be 
lifted out of tank without interrupting 
operation, eliminating stand-by aera- 
tion tanks. Precision Diffuser tubes are 
quickly and simply cleaned to new 
condition to achieve maximum diffu- 
sion with low head loss. 


Chicago Swing Diffusers offer all 
sizes of treatment plants—both in- 
dustrial and municipal—the advan- 
tages of air diffusing apparatus that 
is always in operation at maximum 
efficiency. 


Now used in 
more than 


300 Plants! 


for Sewage and Waste 


AERATION 


BOOST AERATION CAPACITY AT OLDER PLANTS, 
BRING HIGHEST EFFICIENCY TO NEW 

Wide Band Diffusion provided by Chicago Swing Dif- 
fusers in many cases doubles the aeration capacity of 
previously used plate diffusion systems. For example, 
the Columbus, Ohio Sewage Treatment Plant was able 
to treat only 37 M.G.D. with their old diffuser plate 
system. After changing to Swing Diffusers, aeration ca- 
pacity was doubled without increasing the amount of 
air used or the volume of the aeration tanks. In both 
old and new plants, Swing Diffusers assure maximum 
oxygenation, 


FLEXIBLE AIR DISTRIBUTION 


Individual Diffusers can be simply adjusted to balance 
air supply with oxygen demand for effective process 
control. 


Complete Operating Histories and Descriptive Bulletin 
Available on Request 


CHICAGO PUMP COMPANY 


Subsidiary of Food Machinery and Chemical Corporation 


B® SEWAGE EQUIPMENT DIVISION 
DIVERSEY PARKWAY CMICAGO 14, TLLINOIS 


Kleen Pelier er and Vert Nen-Clogs Wate: 
rs... Swi use users, Mechanical 
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REG. U. S. PAT. OFF. 


A monthly Journal devoted to the advancement of fundamental and practical knowledge concerning the nature, 
collection treatment and disposal of sewage and industrial wastes, and the design, construction, operation and manage- 
ment of such works. 


PUBLICATION OFFICE 
Prince and Lemon Sts., Lancaster, Pa. 
EDITORIAL AND EXECUTIVE OFFICES 
4435 Wisconsin Ave., N.W., Washington 16, D. C. Send all manuscripts, advertising copy, subscriptions, ad- 
dress changes, etc., to this address 
SUBSCRIPTION RATES 
Members of local sewage works associations affiliated with the Federation, $5.00 per year. 
Non-members: U. S. and Canada, $7.50 per year; other countries, $9.00. (Foreign subscriptions must be accom- 
panied by International Money Order.) 
Single copies: United States $1.00 each; Foreign, $1.25 each. 


CLAIMS 
No claims will be allowed for copies of Journals lost in the mails unless such claims are received within sixty 
(60) days of the date of issue and no claims will be allowed for issues lost as a result of insufficient notice of change 
of address. ‘Missing from files’’ cannot be accepted as the reason for honoring a claim. 


MAILING PERMIT 
Entered as second-class matter, May 7, 1934, at the post office at Lancaster, Pa., under the Act of March 3, 1879. 
Accepted for mailing at the special rate of postage provided for in the Act of February 28, 1925, embodied in para- 
graph (d-2), Section 34.40, P. L. & R. of 1948, authorized October 4, 1945. 
REFERENCE SERVICE 
Sewage and Industrial Wastes is indexed regularly by Industrial Arts Index and Engineering Index. 


_ . Microfilm copies of this Journal may be procured from University Microfilms, Ann Arbor, Mich. This service is 
limited to regular subscribers only. 
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SEWAGE AND INDUSTRIAL WASTES 


THE WHEEL OF FORTUNE FOR LIQUID CHEMICAL FEEDING 


Because of its unique rotary dipper wheel, the Omega Rotodip Liquid Feeder 
is the low-cost, low-maintenance answer to many liquid chemical feeding 
problems. Rotodip sure pays dividends on feeding jobs like these: carbon slurry 
for taste and odor control . . . liquid alum for coagulation or sulfuric acid for pH 
control . . . ferric chloride feeding for sewage sludge conditioning. Consider the 
many advantages which are yours in using a Rotodip: wide-range adjustability 
(100 to 1) — high repeatable accuracy (within 1%) — complete simplicity (very 
low on maintenance) — easy adaptability to automatic control systems — direct- 
reading gallon-by-gallon totalizer. 

Send for new Bulletin 65-H12A . . . a detailed description of this accurate 
and efficient feeder. Omega Machine Co., 368 Harris Avenue, Providence 1, R. |. 


“DIVISION OF B-I-F INDUSTRIES, INC. 


SUILOCERS (RON FOUNDRY PROPORTIONE ERS, INC. + BUILDERS~ provioence, mc. 
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SEWAGE AND INDUSTRIAL WASTES 


FSIWA MEMBER ASSOCIATIONS 


Alabama Water and Sewage Assn.* 
. L. Samuet, Secretary 
c/o Byrd L. Moore & Co. 
Box 143 
Fairhope, Alabama 


Arizona Sewage and Water Works Assn.* 
Quentin M. Megs, Sec-Treas. 
721 N. Olsen 
Tucson, Ariz. 


Arkansas Water and Sewage Conf.* 
Dr. Harrison Hare, Sec.-Treas. 
c/o Southern State College 
Magnolia, Ark. 


California Sewage and Industrial Wastes Assn. 
J. C. Matrery, Sec.-Treas. 
4822 N. Dunsmore Ave. 
La Crescenta, Calif. 


Cangeee Institute on Sewage and Sanitation 
A. E. Berry, Sec.-Treas. 
Administrative Office 
72 Grenville St. 
Toronto, Ontario, Canada 


Central States Sewage and Industrial Wastes 
Assn. 
Georce F. Bernaugr, Sec.-Treas. 
713 Chapman St. 
Madison, Wis. 
Dakota Water and Sewage Works Conf. 


North Dakota Section* 
Jerome H. Svore, Sec.-Treas. 
c/o State Dept. of Health 
Bismarck, N. Dak. 


South Dakota Section* 

Cuaries E. Carz, Sec.-Treas. 
c/o Div. of Sanitary Engineering 
State Board of Health, Pierre, S. Dak. 

Federal Sewage Research Asen. 
Kerry S. Krause, Sec.-Treas. 
Room 904, 1114 Commerce St. 
Dallas, Texas 


Florida Sewage and Industrial Wastes Assen. 
M. E. Dawkins, Sec.-Treas. 
P. O. Box 4817 
Jacksonville 1, Fla. 


Georgia Water and Sewage Asen.* 
A. T. Srorey, Sec.-Treas. 
1210 Hemphill Ave., N.W. 
Atlanta, Ga. 


(Germany) Abwassertechnische Vereinigung 
Orto Sec.-Treas. 
Theaterstrasse 24 
Bonn, Germany 


Institute of Sewage Purification 
W. F. A. Snook, Sec. 
10, Cromwell Place 
South Kensington 
London, S. W. 7, 


Institution Public Health Engineers 
Ernest V. Batsom, Secretary 
118 Victoria St. 
Westminster, S. W. 1, London, England 


lowa Sewage and Industrial Wastes Assn. 
L. F. Sxorczesxi, Sec.-Treas. 
207 South 15th Ave. 
Marshalltown, Iowa 


Kansas Sewage and Industrial Wastes Assn. 
Ropert H. Hess, Sec.-Treas. 
Supt. of Water and Sewage Treatment 
City Building 
Wichita 2, Kansas 
Kentucky-Tennessee Industrial Wastes and 
Sewage Works Assn. 
S. Leary Jones, ae -Treas 
420 Sixth Ave., N., Nashville 3, Tenn. 
Louisiana Conference on Water Supply and 
Sewerage * 
Grorce H. West, Sec.-Treas 
P. O. Box 15, Water Dept., ‘Lake Charles, La 


® Sewage Works Section. 


Maryland-Delaware ae and Sewage Assn.* 
W. M. Brnctey, Sec.-Tre: 
2411 N. Charles St., Baltimore 18, Md. 
Michigan Sewage and Industrial Wastes Assn. 
M. Prerce, Sec.-Treas. 
Michigan Dent. of Health 
Room 334, Admin. Bldg., Lansing 4, Michigan 
Missouri Water and Sewerage Conf.* 
Warren Kramer, Sec.-Treas. 
c/o State Office Bldg., Sixth Floor 
Jefferson City, Mo. 
Montana Sewage and Industrial Wastes Assan. 
Harvey W. Taytor, Sec.-Treas. 
Morrison & Maierle Inc. 
Helena, Montana 
Nebraska Sewage and Industrial Wastes Assn. 
V. J. Lecurenserc, Secretary-Treasurer 
614 Standard Oil Bldg., Omaha, Neb. 
New England Sewage and Industrial Wastes 
Assn. 
Henry F. Muwnroz, Sec.-Treas 
75 Pine Avenue, Cranston 10, R. I. 
New Jersey Sewage and Industrial Wastes 
sen. 
Micuaet S. Kacworsxy, Sec.-Treas. 
P. O. Box 766, Manville, N. J. 
New York Sewage and Industrial Wastes Assn. 
C. Sweeney, Secretary 
c/o State Dept. of Health 
21 N. Broadway, White Plains, N. Y. 
~~ Carolina Sewage and Industrial Waste 


en. 
E. Lone, Jr., Sec. 
Box 2091, Raleigh, N. 
Ohio Sewage and Wastes Treat- 
ment Conf. 
Warp E Conran, Sec.-Treas. 
301 Ohio Depts. Bidg., Gileuben 15, Ohio 
— Water, Sewage and Industrial Wastes 
onf. 
H. M. Crane, Sec.-Treas. 
State Dept. of Health, Oklahoma City 5, Okla. 
Pacific Northwest Sewage and Industrial 
Wastes Assn. 
Water W. Saxton, Sec.-Treas. 
408 Old Capitol Bldg. 
Olympia, Wash. 
Pennsylvania Sewage and Industrial Wastes 
Assn. 
J. R. Harvey, Sec.-Treas 
c/o Pennsylvania Dept. of Health 
916 Diamond, Meadville, Pa. 
Puerto Rico Water and Sewage Works Assn. 
Rosert J, Autp, Sec.-Treas. 
c/o Puerto Rico Aqueduct and Sewer Service 
Box 2832, San Juan 12, Puerto Rico 
Sone Mountain Sewage and Industrial Wastes 
san. 
Joun R, Peterson, Sec.-Treas. 
376 City and County Bldg., Denver 2, Colorado 
South Carolina Water and Sewage Works 
Assn.* 
T. A. Kors, Sec.-Treas. 
1329 Ellison Rd., Columbia, S. C. 
(Sweden) Fireningen Fir Vattenhygien 
Ertx Jonsson, Secretary 
Box 5038, Stockholm 5, Sweden 
(Switzerland) Verband Schweizerischer Abwas- 
serfachleute 
Epuarp Treas: 
Spitzackerstrasse 17, Liestal, 
Texas Water and Sewage Works Assn.* 
V. M. Enters, Sec.-Treas. 
2202 Indian Trail, Austin, Tex. 
— Industrial Wastes and Sewage Works 
sen. 
. L. Hamercx, Jr., Sec.-Treas. 
.F.D. 8, Box 550 
Richmond, Va. 


Virginia Sewage and Industrial Wastes 


Guten O. Fortney, Sec.-Treas 
State Dept. of Health, Charleston, W. Va 
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SEWAGE AND INDUSTRIAL WASTES 


Now! SIMPLEX 


SQUEEZE CONTROLLER 


Accurately Controls Flow 
of Sewage, Sludge, Trade Wastes 


For the first time, heavy viscous flows can be closely regulated without 
affecting the moving parts of the controlling device. This solves many 
problems . . . makes possible entirely new plant designs. 


The core of this unit is a time-tested venturi tube with a special throat 
section of flexible rubber. Differential pressure in the venturi is trans- 
mitted to a Simplex Type H Rate Setter which both measures and main- 
tains the flow desired. If flow tends to change, Type H Rate Setter 
actuates the motor-driven clamping device to adjust the flexible throat 
area... quickly returns flow to the control point. 


Look at these advantages. A Simplex venturi tube, the most accurate 
form of primary device, does double duty, measures as it controls. The 
throat section is self-scouring. Viscous fluids contact no moving parts. 


Write for complete details today! 
Simplex Valve & Meter Company 


Dept. SI-2, 7 E. Orange St., Lancaster, Pa. 


SIMPLEX 


VALVE METER COMPANY 


« 
= ‘ 
2 
ASE 
| 


SEWAGE AND INDUSTRIAL WASTES 


MEMBER ASSOCIATION MEETINGS 


Association Place 


Louisiana Conference on Pleasant Hall, Louisi 
Water Supply and Sewerage ana State Univer- 
sity, Baton Rouge, 

La. 


Texas Water and Texas A & M College Mar. 5-9, 1956 
Sewage Assn. College Station, Tex. 


New Jersey Sewage and Hotel Traymore Mar. 14-16, 1956 
Industrial Wastes Assn. Atlantic City, N. J. 


Arkansas Water and Marion Hotel Mar. 19-21, 1956 
Sewage Conference Little Rock, Ark. 
(Silver Anniversary ) 


Kansas Sewage and Jayhawk Hotel Apr. 4-6, 1956 
Industrial Wastes Assn. Topeka, Kansas 


Montana Sewage and Murray Hotel 
Industrial Wastes Assn. Livingston, Montana 


. 5, 1956 


Arizona Sewage and Buena Vista Hotel Apr. 5-7, 1956 
Industrial Wastes Assn. Safford, Arizona 


Virginia Industrial Wastes 
and Sewage Works Assn. 


Natural Bridge Hotel 
Natural Bridge, Va. 


California Sewage and Santa Rosa Hotel Apr. 25-28, 1956 
Industrial Wastes Assn. Santa Rosa, Calif. 


Maryland-Delaware Water and 


Willard Hotel May 10-11, 1956 
Sewage Assn. 


Washington, D. C. 


Michigan Sewage and Whitcomb Hotel May 14-16, 1956 
Industrial Wastes Assn. St. Joseph, Mich. 


Alabama Water and Sewage Assn. Alabama Polytechnic June 4-6, 1956 


Auburn, Ala. 


Ohio Sewage and Industrial Wastes Hotel Carter June 13-15, 1956 
Treatment Conference Cleveland, Ohio 


Institute of Sewage Purification Harrogate, England June 18-22, 1956 


Central States Sewage and Northland Hotel June 20-22, 1956 
Industrial Wastes Assn. Green Bay, Wis. 


TWENTY-NINTH ANNUAL MEETING 


Federation of Sewage and Industrial Wastes Associations 
in conjunction with 
California Sewage and Industrial Wastes Association 
Statler Hotel, Los Angeles, California 


October 8-11, 1956 
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SEWAGE AND INDUSTRIAL WASTES 


Typical CATEXER® ANEXER® Jon Exchange Plant 


New ion exchange techniques using 
“CATEXER” “ANEXER” plants make it 
practicai to recover valuable chemicals and 


Low installed cost 

© Minimum space requirement 
© Chemical recovery 

© Demineralized rinse water 

© Simplified waste disposal 
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rinse waters in some cases. Only careful 
evaluation will show whether recovery methods, 
or treatment by oxidation, reduction or 
precipitation is more economical. INFILCO 
manufactures all types of waste treatment 
equipment and can offer an impartial 

solution to your problem. Write for complete 
information. 


INFILCO INC. 


921 South Campbell Ave., Tucson, Arizona 
Offices in principal cities in North America 5539 


The one compony 
offering engineered 
equipment for oll 
types of woter 
waste processing— 
coagulation, 
precipitation, 
sedimentation, 


flotation, filtration, 
jon exc! 
biological treatment. 


SS 
There’s Money In Your Plating | 
( 
| 
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KEEPS 
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SEWAGE AND INDUSTRIAL WASTES 


AWAKE, TOO... 


different reason 


To the householder, a dripping faucet is only an annoyance... 


To you it’s waste that can be eliminated only by an educated and alert public, 


willing to cooperate in your efforts at conservation. 
Here, we can... and will continue to... help. 


Our national advertising campaign, reaching mil- 
lions, stresses conservation and the need of long-range, 
advance planning for adequate water facilities. It 
urges realistic water rates and support for the forward- 
looking legislation and bond issues that will insure 
a plentiful supply for the future. 


It’s designed to help America . . . and you . . . con- 
serve our most precious national resource . . . keep 
water flowing freely and abundantly for all. 


CAST IRON... the pipe that’s bought 


on proof, not claims 
No other pipe can point to so convincing a record 
of long life. 


Over 70 public utilities are served by cast iron mains 
laid over a century ago. This demonstrated record of 
long life not only gives the public the dependability 
it has a right to expect in a water system ... it saves 
tax dollars as well. Once in the ground, cast iron serves 
for generations with minimum maintenance. Cast 
iron’s long term economy pays off! 

Today, water officials can rely on even better cast 
iron pipe. Modernized cast iron, centrifugally cast to 
be even tougher, stronger, more uniform. And where 
ified it is t-lined to assure sus- 
tained carrying capacity throughout its long service. 


needed and 


You specify wisely and well when you specify cast 
iron pipe for your water system. The experience of 
over 100 years proves you chose the best. 

Cast Iron Pipe Research Association, Thos. F. Wolfe, 
Managing Director, 122 So. Michigan Ave., Chicago 3, 
Illinois. 


Laid 120 years ago this cast iron water 
main continues to serve the taxpayers of 
Lancaster, Pa. Photo shows section of a line 
about 1% miles long, laid in 1836, and still 
@ part of the Lancaster water distribution 
system. 


The Q-Check stencilled on pipe is the Registered 
Service Mark of the Cast tron Pipe Research Association, 


FOR MODERN WATER WORKS 


49a 
4 
| 


50a 
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LASTING PROTECTION 
ASSURED! 


INERTOL 
PAINTS 


specified 100% 
for Linden—Roselle, N. J., 
Sewage Plant 


Pumping station of new $4,000,000 Linden—Roselle Sewage Treatment Plant. The entire plant 
is painted with Inertol coatings. Colorful Glamortex® quality alkyd, along with Ramuc® Utility 
Enamel and Ramuc Floor Enamel —both chlorinated natural rubber-base coatings in color—are 
but three of the Inertol paints chosen to attractively protect this plant. 


Chemical fumes, high humidity, corro- 
sive industrial wastes — such destructive 
influences had to be combated to main- 
tain the plant's good looks and assure 
maintenance economy. Inertol coatings 
were specified exclusively by Consulting 
Engineer M. H. Klegerman of Alexander 
Potter Associates, New York, N. Y. 

Throughout this plant Inertol colored 
enamels and bituminous coatings are at 
work. They not only provide top, trouble- 
free service, but their hardness, chemical 
inertness and elasticity mean safe, effi- 
cient, low-cost protection as well. 

Thousands of installations all over the 
country enjoy Inertol protection and 
beauty. Your plant can benefit, too. Buy 


Inertol paints direct from the manufac- 
turer. Shipments within three days from 
our plant, or from nearby warehouse 
stocks. Send for free, informative “Engi- 
neers’ Painting Guide.” Just write on 
your firm’s letterhead, giving your title. 
Be sure to ask about Florwear®, Inertol’s 


chemical- and wear-resistant paint 
specifically formulated for concrete floors. 


This is the modern sewage 
treatment plant described in the 
August Sewage & Industrial 
Wastes article “Painting the 
Sewage Treatment Plant” by Su- 
perintendent Charles Saunders. 


A Complete Line of Quality Coatings for Sewage Plants and Water Works 


—-INERTOL CO., Inc.— 


482 Frelinghuysen Avenue, Newark 5S, New Jersey 


27H South Park, San Francisco 7, California 
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THIS IS THE CAVITATOR 


* for low-cost treatment of domestic sewage and industrial wastes 
* ideal for small communities . . subdivisions . . motels . . resorts 


.. schools . . industrial plants 


Here are 9 reasons why the 
CAVITATOR is better: 


Purification efficiency is equal to or 
better than that obtained by means 
of conventional equipment for the ac- 
tivated sludge process. All Cavitator 
systems meet State Board of Health 
requirements. 
Oxygen transfer efficiency is 44% 
. . much higher than most conven- 
tional equipment which has efficiencies 
of 5 to 10%. 
Only 135 eubie feet of air is required 
per pound of B.O.D. removed (do- 
mestic sewage) as compared to 800 to 
1000 eubie feet necessary for other 
types of equipment. 
Original cost is low compared to any 
other type system, but purification is 
equal to that of the best acti- 
vated sludge installations. Cavitation 
equipment is built to stand up under 
years of demanding service. 
Aeration periods are shorter . . . ap- 
proximately four hours for average 
maximum flow. This means smaller 
aeration tanks can be used .. . an- 
other feature which contributes to 
lower first costs. 


For detailed information, ask for 
your copy of the newly 
published, 12-page booklet, 

the CAVITATOR" 


No blowers or compressors are re- 
quired. There are no diffusion tubes 
nor plates to be installed ... and 
maintained. There is nothing to clog. 
The simple mechanism requires the 
minimum of maintenance and atten- 
tion. 

Detergent foam is disintegrated. 
Foam forming on the liquid surface 
is drawn down the draft tube into 
the highly turbulent and aerated zone 
of the rotor where it is destroyed. 
Power consumption is no greater than 
that of conventional activated sludge 
plants . .. yet purification efficiency 
is equal to if not better than that of 
any type activated sludge installa- 
tion. 

Maintenance costs are low... the 
mechanism simple to service. The en- 
tire Cavitator unit can be removed 
for inspection without draining the 
tank. 


1999-7 N. Ruby Street, Melrose Park, Illin 


. manufacturers of: distributors « clarifiers « digesters « mechanical aerators « 
pneumatic sewage ejectors « centrifugal pumps 
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MORE | 
FILTER CAKE 
is dried *"4/.. 
burned by the 


than by alt other 
systems combined! 


There’s good reason why all over the country disposal plants 
for cities of every size are taking advantage of the C-E Ray- 
mond System’s versatility. It is the only system available today 
that allows you to flash dry or incinerate sewage sludge—alter- 
nately or concurrently, in any proportion. Furthermore, it is 
available with a high-temperature deodorization system that 
eliminates odors. 

Whether you wish to incinerate filter cake —or dry it to a 
marketable soil conditioner—a C-E engineer will be glad to help 
you plan an installation for your community. Just call the 
Combustion office nearest you. B.895A 


COMBUSTION ENGINEERING 


RAYMOND DIVISION, 1315 North Branch Street, Chicago 22, Illinois 


Eastern Office: 

A booklet describing the operation of the C-E Ray- 
mond System is now available. For your copy, mail 
this coupon to Combustion Engineering, Raymond 
Division, 1315 North Branch Street, Chicago 22, lil. 


200 Madison Avenue 
New York 16, N. Y. 


Western Office: 


510 West Sixth Street . 
Los Angeles 14, California TITLE.__ 


NAME. 


ADDRESS__ 


also flash drying and incineration systems 
for industrial waste disposal 
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every job 


's complete line of 

for treatment plants 
sures you of 

cient operation, 


maintenance cost, 


ement parts when 


needed in years to come. 


CHECK VALVES— 
Swing gate type for use in either 
horizontal or vertical pipe lines. 
Bronze trimmed throughout. Stain- 
less steel hinge pins. Leather or 
rubber faced gates, or solid bronze, 
as desired—aluminum gates avail- 
able for air service. 


IOWA MEDIUM AND LOW 
PRESSURE VALVES—either 
non-rising stem or outside screw 
and yoke types. Designed as care- 
fully as those conforming to 
A.W.W.A. specifications but with 
lighter construction for lower 
pressures. 


White Topay for 


1OWA FLAP VALVES—all 
iron; can be furnished with bronze 
hinge bolts or fully bronze mounted 
—including bronze bolts, flap ring 


CLOW HYDROSTATIC RE- 
LIEF VALVES — commonly 
used in bottom of concrete tanks 


IOWA PLUG DRAIN VALVES— 
either rising or non-rising stem type. High 
strength cast iron bodies; bronze 
stem, operating nut, disc ring and 
seat ring; rustproof steel bolts and 
nuts. Handwheels, extension stems, 
plain or indicating floor stands if 


required. 


IOWA SHEAR GATES—either all iron 
or iron, bronze mounted. Gate-seating 
wedges bolted on, permitting replacement 
without replacing frame. 


and seat ring—when required. to prevent ground water from float- 
ing the tank. Close-grained cast 
iron body and lid; lead seat ring 
and lid ring. Cast iron grate in bot- 
tom prevents foreign matter from 
entering tank. 


1OWA SLUICE GATES—can be used 
in lines having both seating and unseat- 
ing pressures. High strength cast iron, 
bronze mounted, with solid bronze adjust- 
able wedges. Can be equipped with cyl- 
inder or motor unit for automatic 
operation. 


For 45 years a reliable source for 
precision engineered products 


IOWA VALVE COMPANY 


A Subsidiary of 
James B. Clow & Sons 


Oskaloosa, lowa 
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*This plant was designed 
by Henry W. Taylor, 
Freeport, N. Y 


Serving some 450,000 people, this plant provides an excel- 
lent example of the way larger communities are handling 
their refuse problems. Land-filling can no longer be tolerated 
in the suburban areas and should not be tolerated anywhere. 
Yet, there's no need to have an incinerator plant that's offen- 
sive to the nose and eye. Modern design and modern opera- 
tion take care of the nuisance factors. 


For this Hempstead plant, we furnished four Morse Boulger 
Mechanically Stoked Furnaces for handling up to 700 tons of 
refuse per 24 hours. Waste heat boilers recover much of the 
heat and provide steam for two 1000 kw. turbo-generators. 
Our engineers also furnished the crane charging equipment, 
stacks, fly ash removal unit and ash removal conveyor. 


What we did to help in this Hempstead project we can do 
to help you...working with your sanitation engineer or your 
consulting engineer. The point to keep in mind is that your 
community, too, can have clean, efficient, nuisance-free 
refuse disposal in a modern incineration plant such as this 
Morse Boulger plant. 


MORSE BOULGER DESTRUCTOR co. 


80-E FIFTH AVENUE NEW YORK II, N. Y. 
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Sewage from grit and screen building flows 
into six grit channels, where grit settles and 
is removed by L-B grit collectors and wash- 
ing-dewatering screw conveyors. 


Primary settling tanks use Link-Belt 
longitudinal and cross collectors, scum 
skimmers and drives. 


Six Link-Belt inclined bar screens, each 
with eight rakes, discharge screenings 
onto steel belt conveyor. 


Philadelphia’s Southwest Sewage Works demonstrates 


how to keep treatment capacity 
ahead of population growth 


ORESIGHT was a key element in planning this 
F new Philadelphia sewage plant. It had to pro- 
vide practical waste treatment for a population of 
870,000 —yet be able to serve the estimated 
1,200,000 expected by 1970. Working with city 
engineers, Link-Belt helped supply the efficient 
screens, grit collectors and sludge collectors to 
handle 136 mgd. 

This $8 million plant is part of Philadelphia’s 
ten-year, $80 million program for the elimination 
of stream pollution. Link-Belt Straightline Collec- 
tors were also chosen for the Northeast Works with 
a capacity of 125 mgd, completed in 1951 as the 
first phase in this huge project. 


Whether you're concerned with large municipal 
or small industrial waste treatment . . . or need the 
finest in modern water purification equipment — 
count on Link-Belt to provide maximum efficiency 
at all flow conditions. Our engineers can call on a 
complete line of equipment . . . will work with you, 
your chemists and consultants. 


SANITARY ENGINEERING EQUIPMENT 


LINK-BELT COMPANY: Executive Offices, 307 N. Michigan Ave., Chicago 1. To Serve Industry There Are Link-Belt Plants and Sales Oth: es 
in All Principal Cities. Export Office, New York 7; Canada, Scarboro (Toronto 13); Australia, Marrickville, N.S.W.; South Africa 


Springs. Representatives Throughout the World. vragen 


AS 
: : 3 


56a SEWAGE AND INDUSTRIAL WASTES 


THE QUICKEST WAY TO THE RIGHT ANSWER— 


FACTORY-BUILT 
QUALITY WITH 
SAVINGS 


NO FLOAT 
ROD TO 
BIND 


NO STUFFING 
BOX TO LEAK 


NO ELECTRODES 
TO FOUL OR 
SPARK 


NO MESSY 
MAINTENANCE 


"THE MOST ADVANCED DESIGN IN EJECTOR- STATIONS 


* An integrated design, each piece proven by the test of time. 
* Precision assembled by factory experts. 

* Automatic dehumidifier to eliminate condensation. 

* Prewired with a color coded centrai electrical control cabinet. 


* Factory tested and adjusted by actual operation before 
shipment. 


® Easily and quickly installed. 
° Especially designed for minimum maintenance. 


For Job Recommendations, Complete Specifications, and Draw- 
ings—all part of the latest edition of the 100 page Smith & 
Loveless lift station Data Manual 


WRITE DEPARTMENT 30 


MANUFACTURING PLANT. MERRIAM, KANSAS 
REPRESENTATIVES IN PRINCIPAL cities 
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FOR EFFECTIVE, ECONOMICAL 
CHROMIUM WASTE DISPOSAL 


-».use General Chemical’s Anhydrous Sodium Bisulfite 


ANHYDROUS 
BISULFITE 


CHROMIUM 


SULFURIC 


TYPICAL CYCLE: 
FILLING 
REACTING 
NEUTRALIZING 
SETTLING 


DECANTING 


SLUDGE DRYING BEDS 
OR 


SETTLING LAGOONS 


Schematic diagram of batch treat- 
ment pliant for reducing chromium 
wastes. 


Toxic chromium wastes are simply yet 
effectively and economically treated and 
neutralized when you use General’s An- 
hydrous Sodium Bisulfite. And it doesn’t 
matter whether the volume to be treated is 
large or small! Learn the full facts and de- 
tails . . . call General Chemical’s nearest 
office for skilled assistance and helpful 
Technical Service in solving your own 
particular problem. 


General Chemical has a broad, practical 
knowledge in planning chromium waste 
installations gained the country over. This 
knowledge is yours—without cost or obli- 
gation! For a start—get General Chemical’s 
helpful free booklet on the treatment of 
chromium wastes. It offers sound informa- 
tion on the type of disposal system re- 
quired, quantities of chemicals involved, 
operation and control of the system, etc. 


1 
t 


FREE 
EFFLUENT 


Botch plont giving efficient removal of chromium waste 


ot the Ei lux Corporation, Old G ich, Conn, 


lied 
Write for free booklet today! 


- 


GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION l 
40 Rector Street, New York 6, N. Y. t 
Gentlemen: 


©) Please send me at no cost or obligation your free booklet, l 
“Treatment of Chromium Waste Liquors with Anhydrous 
Sodium Bisulfite.” 


© Please have your representative call. 


Name 


Position. 


Company 


|| 
2.00 HOURS TANK TANK TANK 
.50 HOURS 
50 HOURS 
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Something 


NEW 
has been added 


to bring you ALL 
Rex Tow-Bro 


Now, you can have ALL the advan- 
tages of the famous Rex® Tow-Bro 
Sludge Remover—at lower cost. You 
get the outstanding efficiency of Tow- 
Bro’s gentle suction action that re- 
moves light, flocculent sludge with 
minimum agitation, high solids con- 
centration, fastest removal rates—at 
far less cost with the new Unitube 
Tow-Bro design. 

Here’s a great new CHAIN Belt 


CHAIN! 


COMPANY 


Milwaukee 1, Wis. 


the advantages of 
...at lower cost 


development that’s far more efficient 
than inferior scraper-type sludge col- 
lectors...assures far more effective 
and positive results. It’s something 
you'll want to know about. It’s the 
ideal sludge remover for any plant 
having light, “tricky” sludges such 
as activated sludge—round or rectan- 
gular...small, medium or large. 

Get the facts. Mail the coupon for 
the informative Bulletin No. 315-81. 


CHAIN Belt Company 

4606 W. Greenfield Ave., 

Milwaukee 1, Wis. 

Send me informative Bulletin No. 315-81 describ- 
ing the new Rex Unitube Tow-Bro. 
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RADAR controlled ond guided, high speed rockets strecking through the 
stratosphere may deliver New York mail to Son Francisco in less then an hour! 


100 years from now... 
WE MAY SEND MAIL BY ROCKET! 


A century from now a wonderful, exciting and different 
world. But there will be one familiar note. The cast iron pipe 
laid today will still be carrying water and gas to the homes 
and industries of tomorrow. 

In over 60 American cities, these dependable cast iron water 
and gas mains, laid more than a century ago, are still serving 
efficiently. And modernized cast iron pipe, centrifugally cast, 
is even stronger, tougher, more durable. 

U. S. Pipe is proud to be one of the leaders in a forward- 
looking industry whose service to the world is measured in 
centuries. 


A WHOLLY INTEGRATED PRODUCER FROM MINES AND BLAST FURNACES TO FINISHED PIPE. 
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has 6 to 10 Times 
More Bearing Contact Area 
longer life, 
lower maintenance 


Chapman’s Beamed Waterway Gate Valve 
has been giving excellent service in Filtra- 
tion Plants and is especially suitable for 
Wash Water Valve Service, or other similar 
limited throttling conditions. 


In the partly open position the Beamed 
Waterway Valve has six to ten times more 
bearing contact surface than other double 
disc parallel seat gate valves or square bot- 
tom gate valves. 


Even after decades of severe service, 
Chapman Beamed Waterway Gate Valves 
still seat snugly with little or no leakage. 
Bronze bearing surfaces on beams and 
downstream discs ensure minimum wear. 


Beamed Waterway 

Gate Valves are avail- 

able in all sizes of 

Lists 5814, 59% and 

61 gate valves and 

with any desired 

method of operation. 

Write for Catalog 
No. 45 today. 


THE CHAPMAN VALVE MANUFACTURING COMPANY 
INDIAN ORCHARD, MASSACHUSETTS 
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At Waterbury, Conn., this Lock Joint 
Reinforced Concrete Cylinder Pipeline, 
undermined by flood waters, gave 
trouble-free service, alleviating a critical 
water shortage. 


Although sections of this 48” Lock Joint 
water supply line for Hartford, Conn. 
were uncovered by the flood, it con- 
tinved to give satisfactory service. 


The destiny of England once hung 
on Wellington’s “thin, red line” 
at the Battle of Waterloo. Daily 
your community’s safety from fire 
and epidemic depends, to a large 
degree, on its water supply and 
sewage lines. 


When the backwash of Hurricane 
Diane inundated western New Eng- 
land, the many Lock Joint installa- 
tions in the area stood firm. These 
lines, in some cases the main source 
of water supply or of sanitary 
sewage disposal, continued to give 
trouble-free service even when un- 
covered and undercut by raging 
flood waters. 


Such rugged pipe deserves your 
consideration. Its strength is 
evident, its initial high carrying 
capacity is permanent and its useful 
life is exception- 

ally long. 


6la 
¢ THE LINE 
THAT HELD | 
LOCK JOINT PIPE CO. 
Offices: Chicago, + Columbig, S.C. + Denver, De + Conn,» Kansas City, Mo. 
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New Eli Lilly plant treats its own wastes 


WITH MODERN PFT EQUIPMENT 


Completed in 1954, Eli Lilly’s modern pharma- 
ceutical plant at Lafayette, Indiana contains a 
complete waste treatment system for its anti- 
biotic broth wastes, process wash, floor wash and 
sanitary wastes. An integral part of this highly 
flexible plant is the PFT “Controlled Digestion” 
system with provision for direct discharge of the 
concentrated antibiotic waste to the digesters. 


A PFT Floating Cover is installed in each of 
the two 40' diameter digesters. Floating Covers 
accelerate digestion and provide positive scum 
submergence while actually simplifying oper- 
ations. Because no fixed levels need be main- 
tained, additions and withdrawals can be made 
at times best suited to the overall operation. Near 
the covers, a PFT Waste Gas Burner burns ex- 
cess gas and avoids odor nuisance. 


PFT Heater & Heat Exchanger in the Control Building. 


PORT CHESTER. N.Y. © SAN MATEO. CALIF. 


In the underground Control Room, a PFT 
Heater & Heat Exchanger unit maintains close 
temperature control in the digesters automati- 
cally. Fired by gas or oil, the unit cuts fuel costs 
by utilizing all gas produced in the digesters. 


Also in the Control Room are two PFT Super- 
natant Liquor Selectors (with Gauge, Sight Glass 
& Sampler) and a complete set of PFT Gas 
Safety Equipment. 


The PFT Kraus nitrification process is in- 
cluded to assure proper functioning of the 
trickling filter system with waste which may be 
deficient in nitrogen. 


PFT assisted consulting engineers by showing 
the adaptability of its processes and equipment 
in meeting the specific waste treatment require- 
ments of this plant. To further assure successful 
treatment, PFT instructed plant personnel in the 
proper operation of its equipment. 


H.K. Ferguson Co. 
Cleveland, Ohio 


Design of 
plant by 


waste treatment equipment 
exclusively since 1893 


PACIFIC FLUSH TANK CO. 


4241 Ravenswood Avenue 
Chicago 13, IMlinois 


* CHARLOTTE, N.C.* JACKSONVILLE OENVER 
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AGE DIGESTER 


There’s no mystery to the Dorrco Den- 
sludge Digestion Major com- 
ponents are a Densludge Thickener 
followed by a Dorr Digester equipped 
with a high-capacity, draft tube mixer. 


How are such amazing reductions in 
digester capacity requirements possible? 


First — Primary digester volume is 
halved because raw sludge volume is re- 
duced by one half by removal of excess 
water in Densludge Thickener . . . same 
digestion detention is provided with 
half the digester volume. 


Seconda — Secondary digester is 
not required . . . supernatant is elimi- 


DIGESTED SLUOGE TO STORAGE 


© NECESSARY 


nated . . . only storage volume required 
is for digested sludge. 


Third High capacity mixing 
means a smaller digester due to in- 
creased volume utilization efficiency. 


And Densludge Digestion can be used 
with any flowsheet in both new and ex- 
isting plants. Design loadings may be 
as low as % cu. ft. per cap. for primary 
treatment plants and 1's cu. ft. per 
cap. for activated sludge plants. For the 
complete story on Dorrco Densludge 
Digestion, backed up by operating re- 
sults from full scale installations, write 
for Bulletin No. 6262, Dorr-Oliver Inc., 
Stamford, Conn. 


O 


WORLD-WIDE RESEARCH 
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Sewage Works 


PIPE LINE TRANSPORTATION AND DISPOSAL OF 
DIGESTED SLUDGE * 


By Jonn J. Wirts 
Superintendent, Easterly Sewage Treatment Plant, Cleveland, Ohio 


Man’s quest for an ultimate method 
of disposal for the by-products of civil- 
ization has been a long and sometimes 
discouraging search. 

This paper deals with the handling 
of principally srganie material in con- 
nection with modern methods of sewage 
treatment. Mass movement of solids 
by pipe line is diseussed as a useful tool 
that has interesting possibilities. The 
pulping of other organic wastes, such 
as garbage, rubbish, waste paper, and 
the like, could well be made a subject 
for further study. Certain of the in- 
dustrial wastes, such as alkaline sul- 
fides, spent eaustie and pickling liquors 
have been found to be compatible with 
sludge solids and should be included. 

The basic requirement in any mass 
transportation system is that at least 
two or more well established locations 
be connected by some media of trans- 
port. It is relatively unimportant 
whether the means of conveyance be 
railroads, belt conveyors, pipe line or 
barging. In Ohio, the largest commer- 
cial strip mine coal operation in the 
world is located about 100 miles south 
of Lake Erie. The south shore of Lake 
Erie with its low cost power, abundant 
fresh water supply, and land at reason- 
able cost has attracted industry. 

Digested sludge, along with compati- 
ble industrial wastes, would find ulti- 
mate disposal at the strip mines. The 


* Presented at 28th Annual Meeting, Fed- 
eration of Sewage and Industrial Wastes 
Assns.; Atlantic City, N. J.; October 10-13, 
1955. 


economics of the dual pipe line system 
indicate advantages that would not ex- 
ist in the one way operation of either 
foree main. Hence the inclusion of 
coal is important because it makes the 
capital risk a more attractive invest- 
ment. 


Coal Pumping 


In June 1955, the Pittsburgh Con- 
solidation Coal Co. suecessfully nego- 
tiated a contract with the Cleveland 
Electric Illuminating Co. for the de- 
livery by pipe line of 18,000,000 tons 
of coal over a 15 year period. The pipe 
line will connect the Georgetown, Ohio, 
mining area of the coal company with 
the Eastlake Generating Station, sit- 
uated on the shore of Lake Erie, a dis- 
tanee of 108 miles. 

The approximate basis of design of 
the 108 mile force main includes three 
reciprocating pump stations, rated at 
1,000 p.s.i. while pumping a 50 per cent 
mixture of coal and water through 
10.37 in. inside diameter extra heavy 
steel pipe. The pumps will discharge 
125 tons of minus 14-in. coal per hour 
(1,200,000 tons per year) at a velocity 
of 5 ft. per second. Separation of the 
water carrier and necessary coal dry- 
ing will be done at the Eastlake site. 
The design does not inelude a return 
water line. The project will cost 8 
to 10 million dollars. For competitive 
economic reasons the total pumping 
cost cannot exceed approximately $0.02 
per ton mile. Depreciation of the in- 
vestment over a 15 year period would 
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be included in the total cost of $0.02 
per ton mile. Over two years of ex- 
perimental pumping preceded the sign- 
ing of the contract. In this work, 6,000 
ft. of 1284 in. I. D. pipe was laid in the 
hill country at Cadiz, Ohio. 


Historical Background 

Recent studies by Dougherty (1), 
Durand (2), and Pursglove (3) have 
furnished accurate data, making it pos- 
sible for industry to consider pipe line 
transportation of solids. Although the 
first patent, broadly covering a method 
of pumping coal and water, was issued 
to W. C. Andrews about 1895, the eco- 
nomical side of the method had never 
been explored thoroughly. It is for 
this reason and the fact that the field 
of application presents economic prob- 
lems somewhat foreign to industry, 
that limited use has been made of the 
Many short lines do exist for 
the hydraulic transportation of solids, 
but they are usually limited to inter- 
plant process conditions. 

There is an interesting similarity be- 
tween the history of coal pumping and 
the history of digested sludge pumping. 


process. 


Birmingham, Eng. 

The earliest known case is that of 
Birmingham, Eng., where a 2.5-mile 
length of 9-in. cast iron main was con- 
structed in 1902 and operated by steam 
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driven ram pumps. This main was ex- 
tended in 1907 to four miles in length, 
and a parallel pipe 12 in. in diameter 
was added at a later date. 

Separate sludge digestion was com- 
menced at Birmingham in about 1909, 
but previously the sedimentation tanks 
had been operating as septic tanks, so 
that the pumping has been carried out 
continuously with digested material. 
Commenting on this pumping opera- 
tion, John D. Watson (4), then Engi- 
neer to the Birmingham Drainage 
Board, stated ‘‘The task looked more 
formidable than it turned out to be, 
the sludge in its fermented state hav- 
ing been found to be more mobile than 
expected, a condition probably due to 
the innumerable gas-bubbles between 
particles acting upon it like so many 
ball bearings.’’ 

In contrast with this experience, 
there has been trouble at Manchester, 
Eng. with a main conveying undigested 
sludge in a pipe for a distance of only 
one mile, due to ecaking with grease. 
Many similar instances have occurred 
both in England and the United States. 

At Birmingham the 12-in. main now 
operates with a friction loss of 2.6 
times that of water with sludge hav- 
ing 8.5 to 10.25 per cent solids. The 
Birmingham material is an industrial 
sludge from a completely combined 
sewerage system. The raw sludge or- 


TABLE I.—Force Mains Used for Sludge Transportation 


| 
| Dry Solids 
(%) 


Length Diameter 


Total Head 
(miles) | in.) (ft.) 


i Sludge 
Location ludg 


Mogden, Eng. 12 | 142 Digested | 4.0-5.0 
} 


Birmingham, Eng. 9and 12 | 2.6Xwater Digested 8.5-10 
Chicago, Tl. | 14 210 1.0-2.0 

12 170 2.0—4.0 
Cleveland, Ohio ‘ 12 391 3.0-4.0 
Philadelphia, Pa. 225 3.0-4.0 
Columbus, Ohio! 4.0-5.0 
The Hague, Netherlands* Digested 4.0-5.0 
Los Angeles, Calif.’ Digested 3.73 
Chicago, 2.0 


1 Connecting two treatment plants. 
? For disposal in North Sea. 

’ For disposal in Pacific Ocean. 
‘To strip mine area. 
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ganic content is about 60 per cent, as 
compared with a normal 75 per cent 
volatile content. 

Since the early beginning of sludge 
force main pumping at the start of the 
20th century, a considerable number of 
mains have been placed in operation. 
Table I, presents five completed instal- 
lations and four proposed installations. 
With the exception of the treatment 
facilities at the Hague (5), Los An- 
geles, Calif. and Chieago, II1., all of 
the mains are interprocess and rela- 
tively short in length. It has some- 
times been economical, especially in the 
larger cities, to develop sludge process- 
ing sites remote from the sewage treat- 
ment plant. In these cases the loca- 
tion, space limitation, land value and 
foundation condition warrant the 
pumping of sludge several miles to a 
better suited area. Low pressure force 
mains, operating at pressures less than 
200 p.s.i. have been used to convey 
solids in concentrations less than 10 
per cent. High pressure pumping in 


the range of 800 ft. of head (four 
single stage pumps in series) has not 
been attempted. 


Chicago, Ill. 


Mohlman (6) in 19385 diseussed in 
detail the results of comprehensive 
pilot plant work used as a basis of 
design for the most elaborate sludge 
processing plant in the world. All 
known methods were carefully eval- 
uated, with the exception of sludge 
transportation to low cost disposal 
areas. Mohlman coneluded: ‘‘The de- 
velopment of flash drying and incinera- 
tion at the Sanitary District of Chicago 
followed extensive investigations of 
other methods of disposal of sewage 
solids, including Imhoff tanks, heated 
separate digestion tanks, sand drying 
beds, vacuum filters and various types 
of dewatering machines.’’ As a result, 
a contract was subsequently let at the 
Calumet Treatment Works for a sim- 
ilar dewatering and incinerating plant 
for handling the settled and activated 
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sludge from this sewage treatment 
plant, amounting to 40 tons of dry 
solids per day. 

Twenty years later, Langdon Pearse 
(7) reported that at Calumet, about 
one-half the sludge tonnage received 
is heat dried and sold, the balance is 
being lagooned. At the West-South- 
west Works, 183 acres of lagoons have 
received an average of 87,000 tons of 
dry solids per year, which nearly equals 
the best year of fertilizer production, 
which was 92,000 tons in 1953. The 
sludge processing program as outlined 
by Mohlman 20 years ago has been de- 
veloped to the extent of about one-half 
the total requirement. The Sanitary 
District of Chicago has transported a 
major portion of the raw sludge pro- 
duction between widely separated 
treatment plants. If lagoons are con- 
sidered a step in the treatment process, 
their experience can be classed as inter- 
process puniping. 

Recently the Sanitary District of 
Chicago has become interested in long 
distance pumping. Dundas (8) re- 
ports that he has had the same pump- 
ing problem under consideration for 
the past three months and will soon 
begin a study survey for pumping ac- 
tivated sludge a distance of 75 to 100 
miles for ultimate disposal in aban- 
doned strip mines Southwest of Chi- 
cago. Extremely difficult problems are 
not contemplated and it is believed that 
the operation will prove economical. 


Cleveland, Ohio 


The Cleveland program of pollution 
control parallels in time the Chicago 
construction, During the early 1930’s 
plant-scale demonstration units on di- 
gestion, vacuum filtration and incinera- 
tion were thoroughly explored. Per- 
haps the earliest and best appraisal of 
sludge dewatering costs was estimated 
in 1934. Jones (9) stated that ‘‘Op- 
eration and maintenance cost, exclusive 
of interest and depreciation, is esti- 
mated at $5.20 per ton dry solids. The 
total annual cost, $12.50 per ton dry 
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solids.’’ Considerable professional 
criticism was received by Jones at that 
time, because of the relatively high 
costs. However these early estimates 
were later shown to be amazingly ac- 
curate and current costs are more than 
twice the original estimates. 

The sludge production record at 
Cleveland is similar in many respects 
to that of Chicago. About one-half of 
the digested solids are dewatered and 
incinerated. The balance is pumped 
to lagoons, or in the case of super- 
natant, pumped to the Cuyahoga River. 

Although a great deal of time and 
money has been spent on sludge proc- 
essing, Cleveland, like Chicago, has 
never intensively studied the transpor- 
tation of solids to remote locations suit- 
able for disposal. Many similar in- 
stances have occurred elsewhere. The 
required expansion of the Cleveland 
sludge processing units is being tem- 
porarily held up pending further 
study. 

Experience at Cleveland (10) with 
interprocess pumping of sludge through 
a 12-in. force main, 13 miles long, has 
extended over a period of 17 years. 
During this time considerable experi- 
ence has been gained in the knowledge 
of sludge pumping and improvements 
have been made in pump design. 

New York City, N. Y. 

Since the opening of the Wards Is- 
land Sewage Treatment Plant in 1937, 
the ultimate disposal of sludge has been 
by barging to sea. Three large sludge 
vessels travel 68 miles round trip to 
the ocean dumping grounds. Donald- 
son (11) estimated the operation and 
maintenance cost per ton of dry solids 
at $2.50 to $3.00 for the first six months 
of operation. The steady increase in 
the cost of labor and material experi- 
enced by New York City and other 
municipalities has resulted in a total 
eost (1953) of $9.80 per ton of dry 
solids, including interest and amortiza- 
tion. Operation costs for 1953, 
cording to O’Leary (12) were $7.96 
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per ton, with interest and amortization 
amounting to $1.84 per ton of dry 
solids. 

The wisdom exercised by Gould and 
Donaldson in the light of present ex- 
perience, has resulted in the ultimate 
disposal of all the dry solids at a ton- 
nage cost less than the Jones estimate 
made in 1934. Furthermore, New York 
City is the only major city, with the 
possible exception of Milwaukee, Wis., 
that has been able to handle all of the 
solids removed from the sewage during 
the past 17 years. New York City is, 
of course, continuously investing in 
treatment works enlargements and com- 
pletely new projects as their pollution 
control program expands. For the 
purpose of soil conditioner, New York 
City, in cooperation with the Park De- 
partment, has proceeded with the con- 
struction of two short force mains for 
limited pumping of digester sludge. 
The Park Department will use the 
sludge as an admixture in making syn- 
thetie top-soil. 


Mogden, Eng. 


The handling of sludge at the Mog- 
den sewage treatment facilities is sim- 
ilar, in many respects, to the problem 
at Cleveland. About 35,000 tons of 
raw sludge is produced annually. The 
point of difference is that by digesting 
the sludge at the Mogden treatment 
plant the solids are reduced 35 to 40 
per cent prior to pumping. Secondary 
digestion and sludge drying beds, lo- 
cated at Perry Oaks, about 7 miles dis- 
tant, are connected to Mogden by a 
12-in. cast iron force main. Townend 
(4), commenting on this main, wrote: 
‘*This operation has been carried out 
without the slightest trouble at any 
time. The average pumping rate is 
about 550 ( Imp.) g.p.m., giving a veloe- 
ity of 1.87 f.p.s. in the 12-in. rising 
main, and oceupies about 12 hr. each 
day. At this velocity, the total delivery 
head is about 142 ft., ineluding a static 
lift above the pumps of 65 ft.; thus 
the total friction head is 77 ft., or 11 ft. 
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per mile. This friction loss for digested 
sludge of 96 to 97 per cent water con- 
tent, works out at about 1.4 that for 
water under the same conditions.’’ 


The Hague, Netherlands 


A unique approach to the sludge dis- 
posal problem has come from the 
Netherlands. Late in 1954, the Hague 
Government sent Ir. A. Mast, Chief En- 
gineer, Department of Public Works, 
and staff to the United States for the 
purpose of studying American sludge 
disposal practice. Many of the large 
sewage treatment plants were visited 
and the findings (5) of the group were 
as follows: 


‘*After return of our visit to the U.S.A., 
we corrected our caleulations of artificial 
sludge-drying and found a figure of more 
than f1.100 ($27) per ton dried sludge, for 
filtration and heat-drying (without digestion) 
amortization ineluded. 

This figure is far above the most optimistic 
selling price which can be expected. 

The Government, who likes conservation of 
the organic materials, is not willing to pay the 
deficit. Therefore, we altered our plans of 
sludge disposal in accordance with your opin- 
ion and with the practice of some big places 
situated near the Atlantie and the Pacific 
coast. 

As you know already we will discharge the 
sludge into the North Sea. We have not yet 
worked out this plan in details (being very 
busy with the more urgent and big program 
for the sewerage and de purification plant 
itself). But the chief parts of the sludge 
disposal plan are as follows: 

The sludge will be digested in tanks sit- 
uated near the coast. The (thin) digested 
sludge will be pumped into the sea by means 
of a pipe line with a preliminary fixed length 
of 10 kilometers (+7 miles) from the coast 
line. The depth at this distance is 20 meters 
(+ 60 ft.), the diameter of the pipe line is ap- 
proximately 0.20 m, (8 in.) and the material 
will, most likely, be plastic (polyaethyleen). 

We had a discussion with the pipe line fac- 
tory in Amsterdam, who will be able to pro- 
duce such a plastic line within some years. 


We hope to place the line on the sea bottom 
in a similar way as the petrol pipe line 
through the English Channel in 1944, coiled 
on a drum. 
pipe line.) 

The pumping cost is caleulated on f1. 15.000 
($4,050) per annum,’’ 


(They also ealled ‘‘PLUTO’’ 
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This transition away from mechan- 
ization is beginning to be recognized. 


Los Angeles, Calif. 


At the Los Angeles Hyperion ae- 
tivated sludge sewage treatment plant 
there has been concern since initial op- 
eration with the low return from fer- 
tilizer production (digested sludge) 
and the high cost of mechanized sludge 
processing. Suhr (13) reported in- 
vestigations for low cost methods of 
producing fertilizer, along with pro- 
posals for pumping digested sludge to 
sea. Engineering studies were made 
by several authorities which resulted 
in a bond issue authorizing enlarge- 
ments, extensions and re-design of the 
system. 

The basis of the new design includes 
a digested sludge foree main 7 to 8 
miles in length and a settled sewage 
force main about 5 miles long. The 
existing investment in digested sludge 
fertilizer equipment, costing approx- 
imately $8 million will be placed on a 
standby basis. There may be further 
testing of this equipment to determine 
the cost of producing activated sludge 
fertilizer, after plant revisions are 
installed. 


Cost of Sludge Processing 


Without considering profit, the ton- 
nage service charge for handling di- 
gested sludge pumped to the Cleveland 
system from a large surburban popula- 
tion can be answered by computing the 
cost of two processes: (a) vacuum fil- 
tration, and (b) incineration. 


Vacuum Filtration Costs 


Rotary drum type vacuum filters 
with cloth media are used in Cleveland. 
The direct charges for operation and 
maintenance labor, chemicals, filter 
cloth, power and supplies are easily 
computed. These charges per ton of 
dry solids range from $12.26 to $13.78. 
The higher cost applies to low capacity 
units, which normally operate at a 
somewhat lower efficiency. Other serv- 
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ices furnished for vacuum filtration, 
such as supervision, clerical, labora- 
tory, building and ground maintenance 
have been allocated from experience 
by the treatment plant superintend- 
ents. The costs per ton, based on the 
breakdown of all charges, vary from 
$15.25 to $17.80. 

In addition to these charges, services 
performed by others and administra- 
tive, insurance, depreciation and in- 
terests charges have to be ineluded. 
These charges, when prorated, are 
$11.03 to $15.30 per ton, and must be 
added to the treatment plant cost, mak- 
ing the total unit costs $26.28 to $33.10. 
Thus, the service charge for vacuum 
filtration, excluding profit, is about $30 
per ton. Contemplated improvements 
to the process by reducing chemical 
costs through the use of elutriation can 
reduce this amount only slightly. The 
rising cost of labor and material quickly 
offset gains in process efficiency. <A 
major reduction in the $30 cost cannot 
be planned for in the forseeable future. 
Charges are more likely to increase. 


Sludge Incineration Costs 


The same methods used in computing 
the cost of vacuum filtration have been 
applied to the process of sludge in- 
cineration. Multiple hearth type fur- 
naces are used with the usual pneu- 
matie ash conveyor system. Heat re- 
quirements, in excess of the inherent 
B.t.u. of the moist filter cake are fur- 
nished largely by digester gas. No 
charge has been made for the gas used, 
because the supply is usually in excess 
of treatment plant demands. Very lit- 
tle purchased fuel is used. Its cost has 
been included. A filtered water sup- 
ply is furnished at no cost by the Divi- 
sion of Water and Heat and is not in- 
eluded in any operation charge. 

Direct charges for operation and 
maintenance labor, power and supplies 
vary from $5.64 to $12.46 per ton; 
again the low capacity units account 
for the higher cost. When filter cake 
is given to the public, the standby 
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charges for incineration increase the 
unit cost because of the reduced ton- 
nage fed to the incinerators. Taking 
this into consideration, the maximum 
cost of direct charges would be reduced 
to about #6 to $7 per ton. Costs per 
ton based on the breakdown of all 
charges at the plant range from $9.74 
to $14.20 for incineration. 

The total unit costs, including ad- 
ministrative and general expense, may 
range from $16.79 to $26.45 per ton. 
Allowing for the filter cake diverted, 
the $26.45 charge could be reduced to 
$20 per ton. 

This method of computation has been 
reasonably accurate, but still question- 
able from a cost accounting viewpoint. 
The historical cost less depreciation 
when compared with a valuation based 
on reproduction cost less depreciation 
has not been considered in this study. 
Studying financial statements from 


other cities has revealed that the nat- 
ural tendeney to minimize direct proe- 


ess charges will show a wide divergence 
when the total treatment plant costs 
are broken down into unit process costs. 

The high tonnage costs when admin- 
istrative charges are included reflect a 
greater allowance for annual deprecia- 
tion resulting from a_ reevaluation 
study made in 1951. 

There is very little accurate informa- 
tion on administrative charges as previ- 
ously defined. Generally, treatment 
plant managers seem to lack communi- 
cation with responsible financial officers 
and simply do not know to what extent 
administrative charges affect tonnage 
costs. Frequently serious error results 
by having services performed by others 
without charge to the pollution control 
system. 

The enlarged sludge dewatering and 
incineration equipment to be built at 
Cleveland in 1957 will carry a deprecia- 
tion and interest rate three times that 
of 1936. The common design practice 
of making capacity allowances for the 
return of digester solids to secondary 
treatment devices has not been eval- 
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TABLE Il.—Vacuum Filtration Costs Per Dry Ton (1953) 


Washington, D. C.' | Columbus, Ohio*® 
Costs 
per ton) M M 
Thomson | T homon 
Chemicals: | 
Ferric chloride 3.10 3.10 3.79 2.96 
Lime 2.54 2.18 
Labor 3.91 3.91 | 5.32 6.50 
4.16% 
Filter cloth 0.14 0.14 0.47 0.44 
Power 0.24 0.24 | 0.07 1.82 
Total direct charge 7.39 7.39 12.19 18.06 
Other charges‘ — 14.10 -- 20.66 
Total unit cost® 16.20 21.91 


‘ Population estimate 1,040,000; sludge production 6,536 tons (dry). 


* Population estimate 500,000; sludge production 6,630 tons (dry). 


Maintenance cost. 


* Includes: supervision, laboratory, store room, machine shop, etc. 


uated. No attempt was made to eval- 
uate the cost of rehandling the digester 
solids in the supernatant. Solids that 
bypass vacuum filtration would cer- 
tainly be more expensive to treat. 

An answer then to the question of a 
service charge for ultimate disposal of 
digested sludge pumped to the Cleve- 
land system is $40 to $50 per ton plus 
profit, based on 1953 cost records. A 
restriction on the sludge concentration 
of not less than five per cent solids 
would have to be imposed to avoid the 
high cost of recycling. 


Comparison of Sludge Processing 
Costs 


The most recent sludge processing 
cost information published is by Mor- 
gan and Thomson (14), who show the 
costs of vacuum filtration to range from 
$11.44 to $12.75 per ton based on a 
direct charge method of computation, 
for Buffalo, N. Y., Columbus, Ohio and 
San Diego, Calif., Washington, D. C., 
with a direct charge of $7.39 per ton 
had the lowest cost reported. 

Schreiber (15), Superintendent of 
the Washington, D. C. sewage treat- 
ment plant, estimates the annual fixed 
charges, along with a percentage alloca- 


Includes: administrative and general g¢harges. 


tion to the unit processes, at $134,234 
for 1947. This charge is based on 
a tabulation using a 65 year life for 
buildings and a 25 year life for equip- 
ment. Taking into consideration the 
1947 valuation and applying the same 
unit process method of computation, a 
conservative total unit cost of $16.20 
per ton is obtained for vacuum filtra- 
tion. At Washington, D. C., about one- 
half the digested sludge solids reach 
the point of vacuum filtration. Filter 
eake is finally disposed of in a fill near 
the treatment plant site or by truck- 
ing away by interested parties at no 
charge. 

The direct charges at Buffalo, N. Y., 
Columbus, Ohio, and San Diego, Calif., 
do not differ much from those at Cleve- 
land. Tables II and III show the break 
down of charges based on cost informa- 
tion submitted by the respective sew- 
age treatment plant managers. The 
variation in published cost information 
given in Table II is of particular 
interest. 


Cost of Sludge Pumping 


In order to transport concentrated 
digested sludge, which is practically 
odor free, it is necessary to acquire and 
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TABLE IlII.—Digested Sludge Incineration $1.32 per ton during the period 1940 
Costs Per Dry Ton sh sia to 1954. The breakdown of the total 
7 Gost is as follows: 


Cle acieeati | Clevel and, Cost 


Costs Ohio? 
; : Ohio Item ($ per dry ton) 
($ per ton 4 Ohio! (Easterly- 


Southerly)| ‘ Power 0.129 

| Operation Labor 0.168 
Labor and | Maintenance* 0.200 
material : 


Depreciation (@ 2.0%) 0.375 
Fuel oil | 2 0.03 te Interest (@ 2.0%) 0.375 
Power 35 | 0.61 ; Total 1.320 
Total direct “Includes capital, equipment, and replace- 

charges | 5.64 AG ment costs at the pumping station. 
Other charges } 12.30 | 9.74 | 


Total unit cost — | = The pumping of concentrated raw 
13 @ > > canars 

Population estimate 500,000; sludge pro- sludg complicated by the s paration 

duction 4,100 tons (dry). of fats and grease in the force main. 
2 Population estimate 1,050,000; sludge pro- Cleaning has been necessary 8 to 10 

duction 11,490 tons (dry). times per year in order to remove the 
* Population estimate 228,000; sludge pro- deposited grease, scale and silt. Since 

duction 1,235 tons (dry). the ty 
* Public used 1,569 tons of filter cake resulting pumps wo 

in excessive standby charges for incineration. ditions, their life is relatively short. 

More accurate estimate would be $20 per ton. Replacement of equipment at the 


pumping station has been carried un- 
construct the same functional elements der maintenance and not capitalized. 
used for coal pumping. Land ease- A total cost of $0.10 per ton mile, in- 
ments for the pipe line and pumping cluding interest and depreciation is 
stations, the cost of ditching, inspec- obtained for raw sludge when pump- 
tion, backfilling and restoration of ease- ing 30,000 tons per year. Additional 
ments are common construction prob- 
lems. Combined operation of the TABLE IV.—Raw basen Pumped 
pumping stations, maintenance of pipe 
lines and pumping stations, and over- Total | Settled | Dry | Dry | Dry 
head would considerably reduce the \olume | | 

| 

cost of transportation of both com- — — 
modities. Another approach to this nord 


1941 
problem is that the combined operation 949 


8,400 | 2.97 | 31,205 
8, 450 | 3.04 | 28,760 
9,380 | 2.51) 30,391 
single coal line of much greater pump- 1944 | 220.43) 6,375] 3.30] 30,094 
224.16 6,814| 3.30) 29,803 
ing capacity. Greater tonnage trans- 
lit “1946 | 214.64| 6,473 | 3.50 | 30,437 
ported by _ pipe ine sharply reduc 1947 | 213.93 | 5,888 | 3.80 | 32 684 
the operation costs. The problem of 1948 | 226.48 6, 194 | 3.30 | 31,598 
cost depends largely on the tonnage 1949 | 215.38) 5,919) 3.40| 30,368 
pumped. For long distanee pumping 1950 | 214.26 5,899 | 3.10 | 27,980 
1951 | 190.99} 5,302] 3.30| 26,627 
1952 | 179.39) 5,340) 3.40) 24,894 
tion of perhaps two million people 1953 | 206.88) 6,026! 3.10| 26,594 
would be an economical starting point. 1954 | 203.93) 5,690 3.50) 30,071 


| 

cost would be the same as that of a 1943 | 298.76] 8,690] 2.41] 28,588 
| 


(50 to 100 miles) a connected popula- 


Pumping Costs at Cleveland Total |3,379.05 | 100,840 | 47.93 a 094 
Av. | 225.27| 6,723] 3.19] 29,340 
The cost of pumping raw sludge Max.| 298.76| 9380! 3.80| 32.684 

with more than 3 per cent dry solids Min. | 179.39} 5,302) 2.41 | 24 894 

a distance of 13 miles has averaged —! Ee 


| 
= 
0.45 
at 0.58 
0.63 
0.50 
0.40 
0.48 
Bikes 0.43 
0.52 
0.64 
0.87 
0.65 
0.71 
0.67 
8.53 
0.87 
AES 
0.40 
: 
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TABLE V.—Total Expenditures For Pumps 
and Force Main 


SLUDGE TRANSPORTATION 


Opera- Mainte- 
tion nance 


$ 6,160.77 
7,775.6 
5,562.39 
7,725.37 


Total 


$3,762.31 $14,148.70 


3,946.27 


ROD 
SES 
SEB 


o 


13,463.01 
15,92 


Ore 


88 


to 
: 


20,182.75 
$247 442.55 
16,496.17 
23,185.76 
12,026.30 


$118,389.47 
7,892.63 
13,184.85 
5,485.62 
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tonnage added to the force main can 
be transported at approximately $0.02 
per ton mile, The ultimate capacity of 
this particular line using mixed raw 
and digested sludge is approximately 
80,000 tons per year. 

Tables IV and V give the annual 
operating expenditures and quantities 
for the years 1940 through 1954. De- 
preciation and interest charges were 
calculated at 2 per cent each on a 
capital charge of $568,000. Total de- 
preciation plus interest per ton is 
$0.75. The costs of testing and de- 
velopment included under experimen- 
tal have been good investments. Gen- 
erally, unit process costs have more 
than doubled over the same period 
while the cost for sludge pumping has 
remained almost constant. 


Disposal of Garbage 


The addition of ground garbage to 
sludge digestion tanks is frequently 
provided for in the design of treatment 
works. As a result, the concentration 
of solids in the digestion process is 
increased in proportion to the solids 
added. The total tonnage of digested 
solids may increase 50 to 100 per cent. 
The addition of garbage favorably in- 
fluences both the solids concentration 
and tonnage in force main pumping. 

The present cost of garbage disposal 
by incineration is of the same order 
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as sludge solids. In addition, many 
metropolitan centers are frequently un- 
able to obtain land for new incinerator 
construction. Problems of allied air 
pollution must also be considered. 


Proposed Force Main System 


The success of any mass movement 
of commodities depends upon the needs 
or demands of at least two widely 
separated and well established loca- 
tions. The case of mass movement of 
coal is quite clear; an almost unlimited 
supply has been developed at the strip 
mine area and an established major 
consumer at the power station, 108 
miles distant. Connection of the two 
by a force main is clearly the result of 
sufficient technical information to sup- 
port the economic aspects of coal pump- 
ing. In the case of digested sludge 
pumping, the needs of the congested 
area surrounding Cleveland, Ohio are 
recognized as urgent. Consulting en- 
gineers are bewildered with the bur- 
dens of drainage area problems and 
handeuffed with municipal boundary 
lines. Current design practice is in- 
adequate to meet the needs of an ex- 
panding economy. Whether we like it 
or not, inter-city or regional planning 
is the only answer. Cleveland with its 
satellite cities and surrounding indus- 
tries is admirably situated to form the 
northern anchor of a 100 mile digested 
sludge force main. 

To the south, at a distance of nearly 
80 miles, the strip mine area begins. 
The estimated capacity of a single strip 
mine trench is equal volumetrically to 
all the lagoons of the Chicago Sanitary 
District. Chicago has lagooned 567,- 
662 tons of dry solids in 7 years, or 
about 14 lb. per cubie foot. 

The abandoned mine areas are costly 
to maintain because of taxes and legis- 
lative requirements covering reforesta- 
tion. Acid bearing runoff from strip 
mines is a continuing source of pollu- 
tion that could be partially stopped by 
the addition of highly alkaline digested 
sludge. The sealing of exposed sulfur 


|_| 
1940 
1941 
1942 | 4,204.49 13,758.72 
1943 | 4'528.36 16,491.62 
1944 | 4.638.90] 10,806.85 19,000.10 
1945 | 4155230] 7,549.12 14,754.29 
1946 | 3,844.95 5,554.49 12'026.30 
1947 | 4,322.27 8.531.32 15,702.87 
i 1949 | 4 
1950 | 5 17,848.29 As 
1951 | 5 23'185.76 
1952 16,289.88 
1953 | 5 18,974.95 33 
1954 | 6 
Total |$72,881.12 | 
Ay. 4,858.74 | 
j Max. 6,251.90 
Min. 3,762.31 | 
{ 
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bearing surfaces in the trenches with 
digested sludge would prevent further 
oxidation. These huge wasted storage 
spaces could become a valuable asset 
rather than a liability to the mine 
owner. 

Restoration of fertility to thousands 
of acres would indeed be a popular is- 
sue. The slow consolidation of digested 


sludge in deep lagoons would provide 
in 15 to 20 years a future source of 
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beneficial organic material. Some reg- 
ulations may be necessary for the pro- 
tection of ground water supply. The 
storage of digested sludge should be 
a planned program and haphazard 
pumping should be avoided. 

Figure 1 shows a proposed layout for 
the dual coal-digested sludge pipe line 
system. All of the sewage treatment 
works utilize separate sludge digestion. 
Some, such as Canton, Ohio, have pro- 
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FIGURE 1.—Sketch of a proposed coal-digested sludge pipe line system. 
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vided for the digestion of ground gar- 
bage. In this plan, it is estimated that 
the service charge for pumping di- 
gested sludge into the system would be 
$0.10 to $0.15 per ton mile. Cleveland 
would be the major collection point 
and has the advantage of a 15-mile 
foree main with adequate capacity for 
future demands. With this advantage, 
Cleveland could accept digested sludge 
from the satellite cities at considerably 
less than the $40 to $50 per ton cost 
shown to be necessary under present 
conditions. 


Conclusions 


Based on the information available, 
it appears that digested sludge, espe- 
cially in large tonnages, can be trans- 
ported economically in pipe lines to re- 
mote areas for ultimate disposal. 

A private corporation, experienced 
in the field of mass transportation of 
commodities by pipe line, is recom- 
mended for this intercity service. The 
acquisition of sufficient annual tonnage 
from several cities could be most effeec- 
tively accomplished by a private cor- 
poration. The Ohio Pipe Line Act, 
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1723.01, Revised Code, would provide 
the corporation the necessary law. 

For ultimate disposal of ground gar- 
bage, combustible wastes and compat- 
ible industrial wastes, more actual 
pumping performance data is needed 
before these wastes could be ineluded 
in the proposed mass transportation 
system. 

Although interprocess pumping ex- 
perience dates from about 1900, the 
economical side of the matter has never 
been explored thoroughly. It is for 
this reason and the fact that the field 
of application presents economie prob- 
lems foreign to cities that limited use 
has been made of the process. 
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COMPARATIVE ANALYSES OF SEWAGE SLUDGES 


By M. S. ANDERSON 


Senior Chemist, Soil and Water Conservation Research Branch, Agricultural Research Service, 
United States Department of Agriculture, Beltsville, Md. 


Modern developments in sewage 
treatment plant construction and op- 
eration make desirable another look 
at the products that are potentially 
available for use as fertilizers and soil 
conditioners in agriculture. 

It is well known that biochemical re- 
actions take place at a rapid rate in 
sewage sludge. The microorganisms 
involved are active from the time mate- 
rial enters a sewer until dried sludge 
is prepared. The end products of sew- 
age treatment have often been shown 
to vary widely in chemical composition 
and in agricultural usefulness, depend- 
ing on the: operation. 
Sludge from the activated sludge proc- 
ess has sufficient nutrient value to serve 
as a fertilizer or fertilizer material. 
Sludge from anaerobie digestion, re- 
gardless of possible previous treatment, 
has a relatively low level of available 
plant nutrients. These sludges are 
sometimes used, however, as constitu- 
ents of mixed fertilizers and for direct 
application to the soil. 

It is the purpose of this paper to 
examine some sewage solids and sludges 
obtained at different stages in the treat- 
ment of sewage. In this way it is pos- 
sible to determine something of the 
character and rate of change taking 
place, as well as the influence of differ- 
ent chemical components of the raw 
sludge on the composition of the end 
product. 

During recent years several develop- 
ments have tended to change the chem- 
ical composition of the incoming sew- 
age. Among the factors involved are: 
(a) various industrial wastes; (b) the 
widespread use of synthetic detergents 
with a highly soluble phosphate con- 


processing 


tent; and (¢) the increase in the use of 
home garbage grinders. Home garbage 
grinders reduce bones to sufficiently 
small particle size so that these highly 
phosphatic materials are processed with 
the sewage. 

Two basic types of sludges were 
studied (1): (a) dried undigested 
sludge from the activated sludge proc- 
ess and (b) dried digested sludge from 
both primary treatment and activated 
sludge facilities. 


Phosphorus 


Table I shows the large increase dur- 
ing the past 20 years in the phosphorus 
content of sludges from the activated 
sludge process as revealed by the phos- 
phorie oxide present in the sludges. 
The data in Table I for digested 
sludges show some increase in phos- 
phorus content but the increases are 
not as large proportionately as are 
shown for activated sludge. A period 
of about 20 years has brought about 


TABLE I.—Comparison of the Nitrogen and 
Phosphorus Content of Activated 
Sludge and Digested Sludge, 
1931-35 and 1951-55 


Activated 
Sludge 


Digested 
Sludge 


Determination 


1931- 


1931- 
35 35 


Nitrogen (%): 
Min. 4.4 
Av. 6.0 
Max. 6.4 

Phosphorus 

[P20s] (%): 
Min. 2.0 
Av. 3.2 
Max. 3.8 


| 
55 
Hey 
Le 4.8 1.3 1.8 
ae 5.6 | 2.2 | 2.4 
na 6.0 3.0 3.1 

a 4.0 0.8 0.9 
5.7 | 21 | 2.7 
is 7.4 3.8 5.0 
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TABLE II.—Minor Chemical Elements in Activated Sludge and Digested Sludge 


Sludge 


Element 


Boron Manganese Molybdenum 


Activated sludge 
(p.p.m.) 
Min. 
Av. 
Max. 
Digested sludge 
(p.p.m.) 
Min. 
Ay. 
Max. 


385 950 
2,500 


1,500 3,650 


315 
643 
1,980 


1,350 
2,459 
3,700 


6 
33 
74 


262 
790 


little change in the average nitrogen 
contents of sludges from either acti- 
vated sludge treatment or anaerobic 
digestion processes. 

In order to characterize present day 
sewage sludges from a chemical stand- 
point, summarized values for minor ele- 
ments contained in activated and di- 
gested sludges are given in Table II. 
The elements copper, zine, boron, man- 
ganese and molybdenum each show 
wide variations in the different sludges. 
These differences probably reflect the 
effect of industrial wastes entering the 
system as well as various materials 
contributed with the domestic sewage. 


Nitrogen 


The availability of nitrogen to plants 
when sludge is placed in the soil, is an 
item of great interest to prospective 
users of sewage sludge as a fertilizer. 
Determinations of rates of nitrification 
in sludge are made usually after spec- 
ified periods of ineubation with soil. 
These data have been obtained from 
sludges representative of different 
treatment systems. Average values are 
shown graphically in Figure 1. The 
data confirm the fact that the nitrogen 
in the undigested sludge from the ac- 
tivated sludge process is more readily 
nitrified than is the nitrogen in di- 
gested sludge (2) (3). These data also 
show that most of the nitrification ac- 
complished during a growing season 
takes place within a month after the 


sludge is incorporated with the soil. 
The graphs for the two sludges are ap- 
proximately the same in character but 
represent different degrees of nitrifica- 
tion. 

Activated sludge has a total nitrogen 
content (Table I) about two and one- 
half times the amount in digested 
sludge and a rate of nitrification also 
about two and one-half times that of 
digested sludge. If the fertilizer value 
of sewage sludge was based entirely on 
the content of quickly nitrifiable nitro- 
gen, the value of undigested sludge 
from the activated sludge process, 
based on weight, should be about six 
times that of digested sludge. Any 
relative evaluation, however, must take 
into account the character of the soil 
to which the fertilizer is to be added 
and crop to be grown. 

Chemical data on the influent solids 
and the sludges from each of the sew- 
age treatment plants studied are given 


Nitrificetion rotes 
Digested sludge 
+——+ Activoted sludge 


i 


Weeks of incubetion 
2 


1 L 
20 40 
Percent of nitrification 


FIGURE 1.—Rates of nitrification of 
digested sludge and activated sludge. 


133 
Copper Zine 
65 6 
134 16 
190 45 
4 30 2 : 
9 6 
15 12 
+ 
/ 
: 


SEWAGE AND INDUSTRIAL WASTES 


February, 1956 


TABLE III.—Chemical Composition of Sewage Sludges Studied. Dry Weight Basis 


Nitrogen 
oy. 


(%) 


Sewage Treatment Plant 


Phos- 

phoric 

Oxide 
(%) 


Carbon- 
Nitrogen 
Ratio 


Washington, D. C2: 
Influent solids (spring) 
Influent solids (summer) 
Digested sludge 

Baltimore, Md. 

Influent solids 
Activated sludge 
Humus tank sludge 
Heat-dried dig. sl. 

Jasper, Ind.? 

Influent solids 
Activated sludge 
Digested sludge 

Richmond, Ind.’ 
Influent solids 
Activated sludge 
Digested sludge 

Chicago, Ill. (Southwest plant)‘ 
Raw sludge 
Activated sludge 
Heat-dried sludge 

Milwaukee, Wis.‘ 
Heat-dried sludge 


1 Primary treatment. 


1.14 
1.09 
1.44 


32.35 
37.59 
52.83 


1.29 
11.01 
3.96 
2.97 


24.16 
29.70 
32.30 
39.73 


1.62 
2.81 
3.49 


32.29 
52.43 
36.96 


5.19 
3.64 
4.34 


40.94 
31.37 
26.36 50.09 
46.62 
28.62 
29.41 


2.71 
5.58 
6.56 


28.24 
34.82 
37.42 


20.88 


3.96 


? Prevalence of home garbage grinders affects sludge composition (6). 
* Ground garbage discharged directly to digesters. 


* Sludge not digested. 


in Table III. The data show several 
features worthy of attention. Aeration 
causes an increase in the nitrogen con- 
These rela- 
tively high values are presumably built 
up in part by bacterial action trans- 
forming water-soluble nitrogen into the 
bodies of the organisms. It is reported 
that these organisms contain 7 to 11 
per cent nitrogen (4). 

Anaerobic digestion tends to produce 
a higher ash content with a loss of some 
nitrogen. However, digestion does re- 
duce the number of pathogenic organ- 
isms in the sludge and stabilizes the 
organic material. 

The phosphoric oxide content of the 
sludges varies in accordance with the 
intake of this constituent, modified by 
loss in total weight during the diges- 
tion process. A small amount of phos- 
phorus may be expected in the effluent. 


tent of the sewage solids. 


Carbon-Nitrogen Ratio 


Carbon-nitrogen ratio values that are 
so widely used by soil scientists serve 
aS an approximate measure of the ex- 
tent of decomposition of organic matter 
taking place during the different stages 
of the treatment process. The high 
carbon-nitrogen values for raw sewage 
(Table IIT) reflect the presence of 
large amounts of carbohydrates. The 
rapid decrease in carbon content is in- 
dicative of decomposition. Time fac- 
tors are not definite, but aeration prob- 
ably changes carbon relations more 
rapidly than does the anaerobic diges- 
tion process. The former produces a 
lower ecarbon-nitrogen ratio than is 
accomplished by digestion. 

Organic carbon was determined by 
the Walkley-Black wet combustion 
method (5). Calculations are based on 
the assumption that 77 per cent of the 


134 

5 2.42 | 43.46 18.0 5.3 
e: 2.39 | 43.69 18.3 5.6 
ve 2.06 | 28.59 13.9 5.8 
| 

| 2.23 | 47.09 | 21.1 5.7 
Be | 2.36 30.37 12.9 5.5 
| 534 | 3790 | 7.1 5.9 
ian | 3.05 | 36.53 12.0 5.0 

ce | 2.90 42.31 14.6 5.7 
oh 3.51 23.01 6.6 6.8 
a | 5.89 22.95 3.9 5.8 
ag | 3.80 7.6 
= | 3.02 6.2 
og 2.24 6.9 

4.98 6.2 
5.56 6.0 
| 

| 5.96 | | 3.5 | | 27.73 4.8 
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carbon present is recovered. This 
value, developed for soils, may be sub- 
ject to greater error when applied to 
sludge materials. Consequently the 
carbon values are probably a little 
higher than would be the ease if dry 
combustion data were used. 


pH 


Sludge pH values are influenced to 
some extent by the addition of sludge 
conditioning materials such as ferric 
chloride. Variations in sludge process- 
ing and the composition of the incom- 
ing solids may also affect the pH. The 
pH value of the sludge may in some 
cases influence its use where the ap- 
plication of neutral or alkaline mate- 
rials to the soil must be avoided. 


Conclusions 


It is apparent that additional study 
is needed to understand better the 
value of sewage sludge for agricultural 
use. The following topies are indica- 


. **Utilization of Sewage Sludge as Ferti- 
lizer.?’ Manual of Practice No. 2, 
Federation of Sewage Works Assns., 
Champaign, Til. (1946). 

. Imhoff, K., Fair, G. M., and Moore, E. W., 
‘*Sewage Treatment.’’ New York, 
N. Y. (1940). 

3. Stephenson, R. J., ‘‘ Availability of Nitro- 
gen in Sewage Sludge.’’ Jour- 
NAL, 27, 1, 34 (Jan., 1955). 

. Waksman, Selman A., ‘‘ Principles of Soil 
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tive of the need for research on the 
subject. 


1. To what extent is the phosphorus 
in sewage sludges available to plant 
life? 

2. Do the specifie feeding powers of 
various plants differ with respect to 
their utilization of phosphorus in sew- 
age sludges? 

3. What chemical characteristics of 
sludges most effectively influence the 
rate of nitrification ? 

4. Biology of the trickling filter. 

5. How is the high nitrogen content 
developed in activated sludges? 
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MARCH DIRECTORY 


A supersize volume is scheduled for the March issue of Tais JournaL. The 
annual directory number reflects the admirable growth of the Federation Mem- 
ber Associations since the last complete directory was issued in March, 1954. 
Approximately 6,800 listings will feature complete names, addresses and pro- 
fessional occupations as of December 31, 1955. 

In addition to the complete listing of members and the Annual Yearbook, 
the 1956 Directory will include for the first time a Geographic Listing of the 
membership by states and cities. 
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THE RELATIVE 


STABILITY TEST 


By L. anp J. H. Sorrets 


Assistant Research Bacteriologist and Research Engineer, Respectively, Texas Engineering 
Experiment Station, Texas A. § M. College System, College Station, Texas 


One of the oldest tests used today for 
the analysis of sewage is the relative 
stability test. It was first introduced 


to this country by Phelps and Winslow 
in 1907 (1) and was modified by Phelps 
in 1908 (2) to give quantitative results. 
The result obtained in this test is de- 
fined as the per cent ratio of oxygen 
available (as dissolved oxygen, nitrite 


and nitrate oxygen) to the total oxy- 
gen required to satisfy the biochemical 
oxygen demand. 

During the past years, this test has 
been used less and less, a state which 
may be considered not necessarily desir- 
able. It is believed that the test still 
has a distinet place in the series of tests 
run to determine the strength of sew- 
age effluents. It should be used as an 
adjunct to the more exacting tests, such 
as the B.O.D. test, or alone, if facilities 
for the more exacting tests are not 
available. 

Probably one of the reasons for the 
lesser use of this test is the lack of un- 
derstanding of its method of action. 
Some of the describing the 
method of this test either do not give 
any explanation of how it works, or 
cite a now-known incorrect theory of 
its method of action. This old theory, 
still widely repeated, states that the 
loss of color of the methylene blue is 
due to the production of sulfur com- 
pounds, such as hydrogen sulfide, under 
the anaerobic conditions present when 
the available has been ex- 
hausted. The incorrectness of this 
theory and the actual method of action 
of this test were presented by Woold- 


books 


oxygen 


* Present address: Department of Biolog- 
ical Sciences, Jose College, San 
Calif. 


San Jose, 


ridge (3) and Wooldridge and Stand- 
fast (4). Unfortunately, their papers 
were published in a journal not readily 
accessible to the sanitary engineer and 
seem to have been largely overlooked. 
A review of this method of action and 
a laboratory demonstration of factors 
affecting the relative stability of sew- 
age are the purposes of this paper. 


Method of Action 


Wooldridge (3) and Wooldridge and 
Standfast (4), in a series of well-ex- 
ecuted experiments, were able to dem- 
onstrate that the results of the relative 
stability test were due to the action of 
a group of oxidizing enzymes, called 
dehydrogenases. The way in which 
these enzymes function can be stated 
simply. Instead of oxidizing a sub- 
stance by adding oxygen to it, they 
oxidize by removing hydrogen from 
the substance. This removal of hydro- 
gen results in oxidation, since the sub- 
stance now has less hydrogen (and thus 
proportionally more oxygen) than it 
had before. The hydrogen removed is 
then transferred to some other com- 
pound which is thereby reduced. 
There are many compounds capable of 
accepting this hydrogen. Among them 
are oxygen, nitrites, nitrates and 
methylene blue. In this reaction, the 
oxygen is converted to water, the ni- 
trites and nitrates to nitrogen or am- 
monia, and the methylene blue is con- 
verted to leuco-methylene blue, which 
is colorless. These enzymes are pro- 
duced by the bacteria, providing their 
principle method of obtaining energy. 

In the relative stability test bottle 
are all the components necessary for 
the operation of the dehydrogenase sys- 
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tem. The organic matter of the sewage 
serves as the source of material to be 
oxidized ; the bacteria furnish the en- 
zymes; and the dissolved oxygen, ni- 
trates, and nitrites serve as hydrogen 
acceptors. When the ‘‘available oxy- 
gen’’ is exhausted, the methylene blue 
accepts the hydrogen and becomes de- 
colorized. 

A critical study needs to be made on 
exactly what constitutes the ‘‘ available 
oxygen’’ mentioned above, since there 
is some disagreement on the timing as 
to when the various hydrogen acceptors 
begin to be reduced. Some researchers 
interpret the process as being step-wise 
while others suggest that all the reduc- 
tions are oceurring simultaneously but 
probably at different rates. 


Factors Affecting Relative Stability 


From the foregoing discussion, it is 
obvious that there are a number of 
factors that could affect the relative 
stability reading since this is an en- 
zyme reaction involving a series of 
components. Some of these factors 
would be the temperature, the concen- 
tration of methylene blue, the quantity 
of dissolved oxygen, the B.O.D. of the 
sewage, the concentration of nitrates 
and nitrites and the amount of enzyme 
or the number of bacteria present. The 
first two factors are, of course, con- 
trolled by the standard method estab- 
lished for running this test. The other 
factors, however, are uncontrolled and 
it is their integrated effect that’ deter- 
mines the relative stability of a sewage. 

In order to demonstrate the effect of 
varying these normally uncontrolled 
factors, a series of tests were carried 
out in which all but one of these fac- 
tors were kept constant and the effect 
of the varied factor on relative stabil- 
ity was noted. These tests were car- 
ried out using the following prepara- 
tions : 


1. Synthetic sewage. In order to 
have a source of organic material, con- 
stant in its concentration, with no 
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solids to cause variability, the artificial 
sewage described by Butterfield et al. 
(5) was used. 

2. Bacterial suspension. For the 
sake of uniformity again, a special bac- 
terial suspension was prepared for use 
as an inoculum. A small sample of 
raw sewage was collected and passed 
through a fine-pore, sintered glass fil- 
ter to remove any protozoa present. 
One milliliter of this filtrate was then 
used to inoculate three flasks of nu- 
trient broth, each containing 100 ml. 
The flasks were incubated for 24 hr. 
at 37° C. and the bacterial growth con- 
centrated by centrifuging for one hour 
at 2,500 r.p.m. The broth was then 
decanted from the centrifuge tubes and 
the bacteria suspended in normal saline 
to wash any remaining broth from 
them. The bacteria were again con- 
centrated by centrifugation as before 
and the saline wash decanted. The 
bacteria were once more suspended in 
saline, large clumps allowed to settle, 
and used as the inoculum. 

3. Aerated dilution water was used 
as a (liluent to obtain the necessary 
concentrations of synthetic sewage and 
dissolved oxygen to simulate sewage 
treatment plant effluents. 

4. Standard methylene blue solution. 

5. A stock solution of sodium nitrate 
containing one milligram per milliliter. 


In order to demonstrate the effect 
of a varying concentration of organic 
matter on the relative stability of sew- 
age, a series of bottles was filled with 


RELATIVE STABILITY 
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FIGURE 1.—Effect of organic matter on 
relative stability. 
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FIGURE 2.—Effect of number of bacteria 
on relative stability. : 


fixed amounts of methylene blue, inoc- 
ulum, and dilution water while the con- 
centration of synthetic sewage was 
varied from bottle to bottle. All bot- 
tles were ineubated at 20° C. until the 
methylene blue was decolorized. Re- 
sults, shown in Figure 1, demonstrate 
clearly the decrease in relative stability 
with an increase in the concentration 
of organic matter. In a similar fash- 
ion, holding all factors constant except 
the numbers of bacteria, it was shown 
(Figure 2) that an the 
amount of enzyme (number of bac- 
teria) present would also cause a de- 
crease in relative stability. By vary- 
ing only the concentration of the ni- 
trates, relative stability was shown to 
be increased by an increase in nitrate 
concentration (Figure 3). That this 
occurs in the presence of either a high 
or a low concentration of organic mat- 
ter is also shown. 
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FIGURE 3.—Effect of nitrate nitrogen 
on relative stability at two levels of organic 
matter. 


Attempts to demonstrate the effect 
of dissolved oxygen on relative stability 
using the previously mentioned method 
were unsuccessful. Several attempts, 
using varying combinations of aerated 
and unaerated water, met with failure. 
Since dissolved oxygen and relative 
stability could not be run on the same 
sample, each combination had to be set 
up in duplicate and exact measure- 
ments were virtually impossible due to 
minor variations in the bottle sizes. 
Moreover, even when this was accom- 
plished approximately, the results did 
not produce good curves because as the 
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FIGURE 4.—Relationship between relative 
stability and dissolved oxygen. 
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concentration of dissolved oxygen was 
increased, the numbers of bacteria also 
increased during the incubation period. 
Since the two had opposite effects on 
the relative stability, the results had 
little significance. This effect can be 
seen, however, in Figure 4 which is 
based on actual sewage treatment plant 
data. 


Discussion 


As it has been previously stated and 
partially shown, the integrated effect 
of the amount of organic matter, the 
number of bacteria, and the concentra- 
tions of dissolved oxygen, nitrates and 
nitrites determines the relative stabil- 
ity of a sewage. It is possible, there- 
fore, for one of the factors to be high 
without being reflected in the relative 
stability if the other factors are such 
as to offset it. For example, one nor- 
mally expects a sewage high in B.O.D. 
to have a low relative stability. How- 
ever, if the sewage had a high concen- 


tration of dissolved oxygen and ni- 
trates and a low bacterial count, the 
relative stability might also remain 


high. Conversely, a sewage low in 
B.O.D. is normally expected to have a 
high relative stability, but if this same 
sample is low in oxygen and nitrates, 
with a high bacterial count, the rela- 
tive stability probably would be low. 


Summary 


1. The method of action of the rela- 
tive stability test as shown by Woold- 
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ridge (3) and Wooldridge and Stand- 
fast (4) is discussed. 

2. Factors affecting the relative sta- 
bility reading are discussed and their 
effects demonstrated experimentally. 
The fact is revealed that relative stabil- 
ity varies indirectly with the amount 
of organic matter and the number of 
bacteria and directly with the concen- 
tration of nitrates. By using sewage 
treatment plant data, the effect of dis- 
solved oxygen on relative stability is 
demonstrated. 
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PERFORMANCE OF A NEW TYPE MECHANICAL 
AERATOR 


By K. L. Scuuuze 


Civil Engineering Department, Michigan State University, East Lansing, Mich. 


The first two-stage sewage treatment 
plant using a mechanical aeration sys- 
tem * developed by the author started 
operation on April 1, 1954 at New Hol- 
stein, Wis. A description of the treat- 
ment plant and a report on the initial 
operation results achieved during 1954 
have been published elsewhere (1). <A 
schematic diagram of the installation is 
shown in Figure 1. Four aeration 
tanks were constructed, although only 
two units are used during normal op- 
eration when the canneries are not in 
production. 

Two of the four aeration tanks are 
normally operated in series. The 
B.0.D. load from the municipal waste 
varied from 200 to 400 lb. per day 
and was handled by two aerators which 
delivered air at the rate of 9 and 11 
e.f.m., respectively. The amount of air 
delivered by a belt driven aerator can 
be measured conveniently in the field 
by installing a rotary seal on top of 
the hollow shaft and connecting the 
seal with an air metering instrument. 
During the pea canning season, when 
the B.O.D. load increased to approx- 
imately 2,000 lb. per day, all four 
aeration tanks were operated and units 
No. 3 and 4 were sped up to deliver 
air at 20 c.f.m. each. This is the same 
air volume that units No. 1 and 2 were 
delivering together. It seemed reason- 
able, after the canning season had 
ended, to try to handle the municipal 
waste with only one of these newer 
aerators. 

The experiment started on January 
25, 1955 using aeration tank No. 4. 


**<Cavitator’’ unit, manufactured by Yeo- 
mans Brothers Company, Melrose Park, Ill. 


The tank capacity is 2,720 eu. ft. or 
20,000 gal., and the tank dimensions 
are 16.5 ft. x 16.5 ft.x 10 ft. The 
aerator is driven by a 7.5 hp. motor 
at 700 r.p.m. and delivers 20 e.f.m. of 
air. Daily 24-hr. composite and pro- 
portionate samples on both the primary 
and the final effluent were collected and 
analyzed. The results of these tests are 
given in Table I and have the follow- 
ing average values: 


Flow (g.p.d.) 
B.O.D. (p.p.m.): 
Primary effi. 186 

Final effi. 16.5 

Reduction (%) 91.1 

Load, aeration system (lb./day) 212 
Air supply (cu. ft./Ib. B.O.D./day) 136 
Aeration tank capacity 

(cu. ft./Ib. B.O.D.) 12.8 
Aeration time, 24-hr. flow (hr.) 3.5 


136,000 


MOTOR & DRIVE COVER 


v-BELT ORIVE — 


CrrLUENT 


LEVEL 


BRACKETS 


FIGURE 1.—Schematic diagram of the 
aeration unit (Cavitator). 
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The design data specified an air re- 
quirement of 135 eu. ft. per pound of 
B.O.D. removed per day and an aera- 
tion period of 4 hr., based on raw waste 
flow, or 15 cu. ft. of aeration tank 
capacity per pound of B.O.D. load per 
day. 

The test results indicated that the 
design data which had been tentatively 
set for this type aeration unit in the 
treatment of domestic waste were fully 
justified. In addition, the data ac- 
cumulated provide more detailed infor- 
mation on the applied sludge return 
rate, power requirement, the amount of 
suspended solids carried in the mixed 
liquor and the biological loading factor. 

At the New Holstein sewage treat- 
ment plant the return sludge was 
pumped intermittently at a rate of 230 
g.p.m. to the influent wet well where 
it was mixed with the primary effluent 
and then fed to the aeration unit. The 
sludge pump was operated by an ad- 
justable electrical time control which 
was set to pump 4.5 min. every 30 min. 
The sludge return, therefore, amounted 
to 50,700 g.p.d. which is 37 per cent 
of the average waste flow. The total 
flow through the aeration tank was 
186,700 g.p.d. which reduced the actual 
aeration time from 3.5 to 2.56 hr. The 
final settling tank contains 27,900 gal. 
which provided 4.9 hr. detention time 
based on the raw waste flow, and 3.6 hr. 
based on the actual flow through the 
unit. The reason for these compara- 
tively long detention times is that the 
settling tank had to be designed for 
the higher flows during the pea can- 
ning season. 

Power requirement naturally de- 
pends on the B.O.D. load handled by 
the treatment plant. To get an aver- 
age power demand near the actual ca- 
pacity of the system, those days were 
selected when the treatment plant re- 
moved more than 200 lb. of B.O.D. per 
day at an efficiency of 90 per cent or 
better. The data in Table I show that 
0.537 Kwhr. were used to remove 1 lb. 
of B.O.D. per day. This is slightly 
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higher than the average of 0.4 Kwhr. 
per lb. of B.O.D. removed per day for 
standard aeration (2). Part of this 
disadvantage is offset by the smaller 
aeration tanks that may be used with 
this type aeration unit. Furthermore, 
there are indications that it will be 
possible to reduce the power require- 
ment to a considerable extent by future 
developments. 


Oxygen Utilization 


At the present time an increasing 
number of investigators recognize that 
the amount of oxygen supplied to the 
mixed liquor is the most important 
limiting factor in biological waste 
treatment. It is of interest, therefore, 
to know the minimum amount of air 
necessary for the removal of 1 Ib. of 
B.O.D. per day under a given set of 
conditions. The average value for this 
air requirement is 149 cu. ft. with a 
minimum of approximately 110 eu. ft. 
This minimum value is in good agree- 
ment with the data obtained in May 
to July, 1954, when the treatment 
plant was treating municipal and can- 
nery waste using two and four aera- 
tion tanks (1). Plotting per cent 
B.O.D. removal versus air supply per 
pound B.O.D. load per day resulted 
in a curve showing that 110 to 130 eu. 
ft. of air were sufficient to obtain 90 
to 94 per cent B.O.D. removal under 
these varied conditions. Assuming 
this value is valid, then a convenient 
method is available for determining 
the maximum amount of B.O.D. that 
can be removed by a given aeration 
unit. In this case, with an air de- 
livery of 28,800 ecu. ft. per day, 
the maximum B.O.D. removal should 
be 262 lb. per day. The maximum load 
on the aeration system at 90 per cent 
B.O.D. removal would be 290 Ib. of 
B.O.D. per day. The results (Table I) 
on March 4 and 10, 1955 indicate that 
the treatment plant was actually able 
to handle satisfactorily a B.O.D. load 
of 290 and 390 lb., respectively. In 
order to substantiate the loading limit. 
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FIGURE 2.—Relationship between sludge concentration in the mixed liquor (as measured 
by the settling test) and the dissolved oxygen. 


it would be necessary to operate the 
plant at a B.O.D. load of 300 to 400 Ib. 
per day for a considerable period of 
time. Furthermore, the minimum air 
requirement of 110 eu. ft. per pound 
of B.O.D. removed per day mentioned 
previously is intended to be valid only 
for domestic waste. Tests with dairy 
and meat packing waste have shown 
that in these cases higher amounts of 
air are required per pound of B.O.D. 
removed (3) (4). 

Generally it can be concluded that 
the aeration system, even using only 
one aeration unit, is able to handle 
more than an average B.O.D. load of 
212 lb. per day. Table I shows that 
during the test period the dissolved 
oxygen content in the mixed liquor 
never decreased below 1.9 p.p.m., the 
average being 3.48 p.p.m. Even at 600 
ml. of sludge per liter of mixed liquor, 
aerobic conditions were maintained. 
Figure 2 shows that a definite relation- 
ship exists between the amount of sus- 
pended solids carried in the mixed 
liquor and the dissolved oxygen. The 
milliliters of sludge per liter of mixed 
liquor, as recorded by the settling test, 


are plotted against the dissolved oxy- 
gen of the supernatant as measured by 


the Winkler method. The tests were 
made simultaneously on the same sam- 
ple. It would be better to plot the 
dissolved oxygen against the suspended 
solids concentration rather than the 
settling test. But due to lack of equip- 
ment, data on the suspended solids con- 
centration were available only for the 
second part of the experiment. These 
data (Table I) show that the mixed 
liquor carried between 2,950 and 4,670 
p.p.m. suspended solids with an aver- 
age of 3,420 p.p.m. The sludge index 
averaged 108 ml. per gram, indicating 
that the floc was of normal density and 
settleability. 

A total of 556 Ib. of activated sludge 
in the aeration tank is indicated by 
the presence of 3,420 p.p.m. of sus- 
pended solids. The oxygen utilization 
rate of normal activated sludge has 
been determined by Bloodgood (5) to 
range from 14 to 20 mg. of oxygen per 
gram per hour. This is in agreement 
with more recent data given by Wuhr- 
mann (2) who found the oxygen up- 
take rate to range from 11 to 20 mg. 
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of oxygen per gram per hour at con- 
ventional waste treatment plant load- 
ings. If an average value of 14 mg. of 
oxygen is used, 1 1. of mixed liquor con- 
taining 3.42 g. of suspended solids 
utilizes about 48 mg. of oxygen per 
hour. The aeration tank holds 75,500 
l. and the total oxygen consumption is 
3.62 kg. of oxygen or 7.96 lb..of oxygen 
per hour. In order to keep the mixed 
liquor in an aerobie condition this 
amount of oxygen must be provided. 
The air supply is 20 ¢.f.m. or 1,200 cu. 
ft. per hour. Assuming that 55 cu. ft. 
of air represents 1 lb. of oxygen (at 
32° F. and 740 mm. of mercury) this 
aeration equipment introduces approx- 
imately 21.8 lb. of oxygen per hour into 
the aeration tank. To maintain aerobic 
conditions or a particular level of dis- 
solved oxygen at least 7.96 lb. of this 
21.8 lb. of oxygen must 
tion. 


go into solu- 
This means an oxygen transfer 
efficiency of 36.5 per cent under the 
conditions described. Compared to 
standard aeration with a transfer effi- 
ciency of about 5 per cent this is a high 
value. 

A. A. Kalinske (6) reported recently 
that newly developed mechanical aer- 
ators using compressed air also show 
oxygen transfer efficiencies of 30 to 40 
per cent. Due to their high power re- 
quirements, however, an economical 
operating range of 10 to 12 per cent 
transfer efficiency was recommended. 
The data presented in this paper show 
that it is possible to operate at higher 
transfer efficiencies without using ex- 
cessive power. Unfortunately, due to 
lack of equipment, no direct determina- 
tions of the oxygen utilization rate 
could be made in the field. It is hoped 
that future studies will provide addi- 
tional data with respect to this interest- 
ing problem, particularly the relation- 
ship between oxygen utilization rate 
and loading. 


Biological Load 


The load applied per pound of mixed 
liquor suspended solids per day is the 
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biological loading factor and is an im- 
portant consideration in any waste 
treatment plant. As previously men- 
tioned, the mixed liquor carried an 
average of 556 lb. of suspended solids 
at an average B.O.D. load of 212 Ib. 
per day. The average biological load- 
ing factor is therefore 0.374 lb. of 
B.O.D. per pound of suspended solids. 
The highest B.O.D. load during the test 
period was 390 Ib. at 2,950 p.p.m. sus- 
pended solids. This means that the 
loading factor increased to 0.8 lb. of 
B.O.D. per pound of suspended solids 
per day. The normal range used in 
activated sludge treatment is 0.25 to 
0.5 lb. of B.O.D. per pound of sus- 
pended solids per day. 

Eckenfelder (7) has shown, for dif- 
ferent types of organic wastes, that up 
to a B.O.D. load of 1 Ib. per day per 
pound of suspended solids a B.O.D. 
removal of 90 per cent ean be obtained. 
According to these results it should be 
possible to apply a maximum load of 
556 lb. of B.O.D. per day at the aver- 
age level of 3,420 p.p.m. suspended 
solids, provided the detention time or 
the oxygen supply does not become a 
limiting factor. Apparently at an air 
delivery of 20 ¢.f.m. the latter is the 
Even though the equipment was 
able to maintain the necessary amount 
of suspended solids in an aerobic condi- 
tion under a load of 200 to 300 Ib. of 
B.O.D. per day, this would not be pos- 
sible under a load of 556 lb. of B.O.D. 
due to the higher oxygen utilization 
rates occurring under these cireum- 
stanees. According to other work by 
Eckenfelder (8), the oxygen utilization 
rate closely follows the B.O.D. loading. 
The expected B.O.D. removal would be 
510 lb. per day. Using the previous 
value of 110 eu. ft. of air per Ib. of 


case. 


B.O.D. removed per day, an air sup- 
ply of 39 ¢.f.m. would be necessary. 
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REPORT OF THE NTTCIW 


The National Technical Task Committee 
on Industrial Wastes (NTTCIW) heard 
task group reports and learned of the need 
for detailed research into basic industrial 
waste problems during its meeting at the 
Robert A. Taft Sanitary Engineering 
Center, Cincinnati, Ohio on December 1- 
2, 1955. The committee was formed in 
1950 to eooperate with the USPHS on 
technical control of water pollution by in- 
dustrial wastes, as authorized by Public 
Law 845. Officers elected for 1956 were 
as follows: Dr. C. Fred Gurnham, Chair- 
man; Frank J. MeKee, Vice-Chairman; 
Louis F. Warrick, Secretary. 

The need for more research personnel 
on basie water pollution problems was 
emphasized by Harry A. Faber, Research 
Grants Officer, Division of Sanitary Engi- 
neering Services, USPHS. Although funds 
are available, grants have often been with- 
held for lack of qualified personnel. Only 
two per cent of the estimated 5,000 prac- 
ticing sanitary engineers in the United 
States are engaged in research. Activities 
of the research subeommittee are being di- 
rected at what industry can do to relieve 
the personnel shortage. 

The general sessions centered on prob- 
lems of mutual interest to the task groups. 
R. W. Hess, National Aniline Division, dis- 
cussed some industrial wastes problems 
needing research. K. S. Watson, General 
Electric Co., urged more attention to the 
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MEETING, DECEMBER, 1955 


treatment of industrial wastes in munici- 
pally-owned facilities, including pretreat- 
ment by industries. The dangers of writ- 
ing water quality criteria into pollution 
control laws were stressed by A. J. Steffen, 
Wilson & Co. The program of the Taft 
Sanitary Engineering Center in providing 
a sound basis for water quality criteria, 
was explained by Dr. Berger, USPHS. 
Gordon E. McCallum briefed the commit- 
tee on the revised water pollution bill 
pending before Congress. 

The four task groups of the committee 
reported on their accomplishments and pro- 
posals for the abatement and prevention 
of water pollution. The food industries 
group report on the reduction of wastes 
through by-product recovery, water re-use 
and in-plant control. Spray irrigation and 
aerobic digestion are being emphasized. 
The mineral products group reported on 
improvements in waste treatment equip- 
ment and operations. Progress was being 
made in research and the preparation of 
manuals for control of waste water. The 
chemical processing group listed research 
work on detergent pollution as one of its 
principal activities. Special research ef- 
forts of the paper, tanning, electroplating 
and textile industries were described. The 
general industry group indicated progress 
in its respective industries, such as auto- 
mobile, electrical and power, and the rail- 
roads. 
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WINSTON-SALEM SEWER EXPANSION PROGRAM * 


By P. D. Davis 


Consulting Engineer, Piatt and Davis, Engineers, Durham, N. C. 


The proper development of plans 
for any sewage program, particularly 
where sewage treatment is involved, 
requires considerable detailed study 
and investigation before the actua 
preparation of plans ean be started. 
It would be rare, indeed, to find two 
communities in which the water-borne 
wastes had the some characteristics. 
Average values of pH, color, B.O.D. 
and quantity frequently mean little to 
the designer. The pH may vary from 
4 to 12, color from that of dishwater 
to dark brown, blue, red or black; 
B.O.D. from less than 100 to more than 
2,000 p.p.m.; and the average flow of 
2 m.g.d. might be as low as 200,000 
g.p.d. or as high as 10 m.g.d. during 
a 24-hr. period. 

It is not infrequent that the wastes 
from some water users are not at pres- 
ent tributary to the sewer system, but 
should be connected if an over-all 
clean-up program is to be effective. 
The addition of such wastes sometimes 
overloads existing sewers and changes 
the general character of the sewage 
reaching the treatment plant site. The 
engineer designing sewers 40 years ago 
could not foresee that the per capita 
consumption of water would increase 
from 40 g.p.d. to 150 g.p.d. or more 
and that industry of undreamed-of 


variety would require many additional : 


thousands of gallons of water, the waste 
from which would add to the load in 
the sewer line and at the treatment 
plant. 
Winston-Salem is heir to all of the 
previously mentioned problems and 
* Presented at 1955 Annual Meeting, North 


Carolina Sewage and Industrial Waste Assn.; 
Winston-Salem, N. C.; Nov. 14-16, 1955. 


some not referred to. Its population 
has grown from 13,600 in 1900, to 
about 88,000 in 1950, at an average 
compounded annual rate of 3.79 per 
cent. In addition, there is a large 
fringe population just outside the cor- 
porate limits, of which the city is now 
serving some 7 to 10,000 persons. It 
is estimated that the 1975 population 
of Winston-Salem will be approx- 
imately 160,000. Its principal indus- 
tries use more than 2.5 m.g. of water 
per day, of which about one-half now 
enters the sewers. The combined 
B.O.D. of the waste from these indus- 
tries has a population equivalent of 
70,000. 


Sewer System 


The Winston-Salem area drains to 
several small creeks, all tributary to 
Muddy Creek, which in turn is a part 
of the Yadkin River system. In de- 


termining sewage flows, drainage maps 
were prepared showing each of the 
main drainage areas in and adjacent to 


the city. Each main drainage area was 
subdivided into small areas either now 
served or to be served in the future 
by lateral sewers tributary to the main 
trunk sewers. Each area was num- 
bered, and its acreage determined. 
Ultimate flow caleulations were based 
on an over-all population of 12 persons 
per acre, a per capita consumption of 
150 g.p.d. and a discharge rate of 150 
per cent. Each acre contributes 1,800 
g.p.d. at a maximum rate of 2,700 g.p.d. 

Park and other areas not suitable for 
development were excluded. A tabula- 
tion of total required capacity of each 
main trunk sewer was then prepared 
with industrial waste increments added 
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FIGURE 1.—Existing and proposed intercepting sewer outfalls, Winston-Salem, N. C. 


at the proper points. The grade, size 
and capacity of existing sewers were 
determined, either from field surveys 
or existing profiles and maps, and the 
results tabulated along with the re- 
quired capacity. All existing main 
sewers were inspected, and several 
were found to be undereapacity and 
overflowing during peak flow periods. 


Interceptors 


Based on the study of the sewer sys- 
tem, recommendations were made for 
new or replaced interceptor sewers as 
shown on the drainage map, Figure 1. 
These recommendations were: 


1. The North Salem Creek outfall 
sewer should be replaced with 48-in. 
pipe from Peters Creek to Brushy Fork 
Creek. 


2. A new outfall sewer should be 
constructed along Burke Creek, using 
18- and 24-in. pipe, and the discharge 
from the Hanes Pumping Station and 
the Silas Creek Pumping Station 
should be diverted to this outfall to re- 
lieve the overload condition of the 
existing Ardmore Outfall. 

3. The southside or Fogle Creek Out- 
fall should be replaced with 27- and 
24-in. pipe to a point near the Western 
Electric Company factory. 

4. The Brushy Fork Creek Outfall 
should be replaced with 30- and 36-in. 
pipe to the vicinity of the airport. 

5. A new 54- to 60-in. main intercep- 
tor should be constructed along Salem 
Creek from Peters Creek to the site of 
the new sewage treatment plant. 
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Pumping Stations 


Four pumping stations are operated, 
two of which, Silas Creek and Hanes, 
use a common discharge line. Both of 
these stations at present cannot be op- 
erated at the same time. Wake Forest 
College, now nearing completion, will 
add 0.5 m.g.d. to the Silas Creek Sta- 
tion. Accordingly, a new force main 
will be provided for the Hanes Station, 
and the capacity of the Silas Creek 
Station will be increased to handle the 
increased flow. A new outfall along 
Burke Creek is being provided to re- 
ceive the discharge from both the Silas 
Creek and Hanes pumping stations in 
addition to serving new areas. This 
will relieve the load on the Ardmore 
Outfall, so that it need not be replaced 
immediately. 


Sewer Ordinance 


A sewer use ordinance in general 
conformity with model ordinances (1) 
has been recommended for adoption. 
There have been several conferences 
between city officials and representa- 
tives of industry, and, while all provi- 
sions of the ordinance have not been 
agreed upon, progress has been made. 
Since there will be an excess capacity 
in the early years of operation of the 
treatment plant, it has been recom- 
mended that the final provisions of 
the ordinance not be adopted until 
after all industries are connected to the 
sewers and there has been sufficient 
operating experience to determine the 
effect of the composite flow of wastes 
and sewage on the treatment processes. 


Sewage Treatment Plant 


Pilot plant studies during 1951 in- 
dicate that high-rate trickling filters 
will provide satisfactory secondary 
treatment. Pilot plant studies with 
vacuators indicate a removal of 30 to 
35 per cent suspended solids and 20 
to 25 per cent B.O.D. when used in 
place of primary sedimentation units. 
These studies also indicate that the 
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existing flow of sewage and industrial 
wastes can be satisfactorily handled 
without chemical treatment. 

The existing sewage treatment plant 
is located two miles above the discharge 
point of the Ardmore outfall, which 
now serves a large part of the city, 
and this sewage must be pumped up- 
stream to the treatment plant. This 
site is even farther above the proposed 
Burke Creek outfall sewer to be built 
by this program. Furthermore the 
present treatment plant is not suitable 
for handling industrial wastes and the 
site does not lend itself to expansion. 
The construction of a new treatment 
plant at a different location five miles 
downstream from the present site has 
been recommended. The proposed new 
treatment plant will have a normal 
hydraulic capacity of 25 m.g.d. and 
will handle rates of flow up to 36 m.g.d. 
with a total B.O.D. removal of up to 
75,000 lb. per day. The site selected 
will permit expansion to double the 
initial capacity. 

The new treatment plant will in- 
clude coarse sereening and grit re- 
moval, Parshall flumes and meters for 
measurement and control, twin vac- 
uators, four high-rate trickling filters, 
final settling, and chlorination of the 
final effluent. Three heated and 1 un- 
heated separate sludge digestion tanks 
and six acres of sludge drying beds are 
being provided for handling the sludge. 
Digester gas will be utilized for power 
and heat. 


Construction Schedule 


The total cost of the improvements 
recommended was estimated in the 
preliminary report at approximately 
$6.5 million. The plans have been ac- 
cepted by the city and the necessary 
funds for construction have been 
authorized. 

Contracts have been awarded for 
construction of the Peters Creek inter- 
ceptor. The interior of the reinforeed 
eonerete pipe will have a bitumastic 
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coating and rubber gaskets will be used 
for jointing. 

It is anticipated that approximately 
two years will be required to construct 
the sewage treatment plant. Egquip- 
ment contracts specify delivery dates 
starting in October, 1956. 

Additional contracts for the con- 
struction of sewer lines will not be 
awarded until near the end of the con- 
struction period for the treatment 
plant. These sewer lines will serve pop- 
ulated areas and it will be necessary to 
pick up the tributary sewage from the 
smaller outfalls as interceptor con- 
struction reaches them. Construction 
schedules will be arranged so that these 
lines can be completed about the same 
time the treatment plant is placed in 
operation. 


Proposed Operation 


During the early years of treatment 
plant operation it is proposed to oper- 
ate the high-rate trickling filters in 
series, using two filters for the primary 
pass and the other two filters for the 
secondary pass. A recirculation rate 
of 1:1 will be provided for each pass 
through the filters, the recirculated 
liquor being taken from the final set- 
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Response of the members to the suggestion of a special conven- 
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tling tanks. Two pumps will deliver 
the incoming sewage and the recireula- 
tion liquor to the first two filters and 
two other pumps will deliver to the sec- 
ond pair of filters. Arrangements are 
being provided so that the filters can 
also be operated in parallel. 

When the initial capacity of the 
treatment plant is reached it is pro- 
posed to operate the filters in parallel 
and provide a third stage of treatment. 
This will be either activated sludge or 
additional trickling filters, the decision 
to be made based on experience in 
operating the initial facilities. If ac- 
tivated sludge is used, no additional 
pumping will be required. 

It has been recommended that the 
number of personnel now in the Win- 
ston-Salem Water and Sewer Depart- 
ment be increased, particularly for en- 
gineering and maintenance service. In 
addition, the salaries and work condi- 
tions of treatment plant operators 
should be reviewed. 


Reference 


1. ‘*Municipal Sewer Ordinances.’’ Manual 
of Practice No. 3, Federation of Sew- 
age Works Assns., Champaign, 
(1949). 


tion train to the Los Angeles Meeting indicates the favorable 
reception of such a plan. The New York Member Association is 
working locally to arouse interest in making up several cars for 
a special train. The New York group would meet with others in 
Chicago for a Federation train to California. 

It is not too early to plan a different vacation for you and 
your family—an Autumn Vacation in Southern California. The 
Federation Secretary is very interested in your individual and 
collective plans. Send him a postcard today with your comments. 


Remember Los Angeles, October 8-11, 1956 
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SEWAGE PUMPING STATION DESIGN PRINCIPLES * 


By Raymonp G. Martin 


Ciwil Engineering Associate, City of Los Angeles, Los Angeles, Calif.t 


in almost every new sewer system or 
expansion of an existing system, it is 
necessary to provide means of lifting 
the sewage at some point. In areas 
where the topography is flat or con- 
tains depressions, it is often less expen- 
sive to provide pumping facilities than 
to construct gravity sewers in deep 
excavations or through tunnels. 

Expansion of urban areas beyond 
existing sewer facilities often neces- 
sitates the use of pumping stations to 
discharge sewage into existing sewers 
or treatment plants. It is sometimes 
necessary when sewage treatment 
plants are constructed in areas having 
a relatively flat topography to pump 
the sewage at the treatment plant site 
to obtain gravity flow through the 
plant. Regardless of the reason for 
their use pumping stations are less de- 
sirable than gravity flow. Every 
pumping station has maintenance and 
operational problems. Operating per- 
sonnel and power are continuing cost 
items. Therefore, a sewage pumping 
station should never be constructed 
where a safe, economical substitute will 
suffice. 


Types of Pumping Stations 

A sewage pumping station is a collec- 
tion of equipment and materials as- 
sembled for but one purpose—to pump 
sewage. 

There are many types of pumping 
stations in existence today which may 
be classified as follows: 


1. Wet pit pumping stations consist 
of a sump or wet well with the pump 


* Presented at 1955 Annual Meeting, Cali- 
fornia Sewage and Industrial Wastes Assn.; 
Riverside, Calif.; April 27-30, 1955. 

+ Presently, City Engineer, Santa Barbara, 
Calif. 


or pumps submerged in the sewage. In 
this type station the pump, shaft and 
supporting facilities are exposed to the 
sewage. The motor is usually located 
at an elevation above the pump and in 
most cases is exposed to an atmosphere 
of sewage gases. The difference in 
elevation of the pump and the motor 
requires a long shaft, which frequently 
is a souree of trouble. The present 
trend is to avoid wet pit type construc- 
tion. 

2. Pneumatie ejector pumping sta- 
tions may be used to great advantage 
for small installations. An ejector con- 
sists of a large pot which receives the 
sewage and expels it by means of com- 
pressed air. Despite their low effi- 
ciency (15 per cent) ejectors are de- 
sirable for small installations because 
little maintenance is required. 

3. Dry well pumping stations are 
the most generally used type. The 
pumps, motors and all appurtenant 
equipment are isolated from the sewage 
and located in a dry, clean area. Dry 
well pumping may be practiced using: 
(a) constant speed pumps, provided 
there is storage to take care of the 
variations in flow; (b) variable speed 
pumps with little or no storage. 


The second method is relatively new 
and is not widely used at the present 
time. Where constant speed pumps 
are used approximately one-half of the 
station structure is designed for the 
storage of sewage. This portion of the 
station requires hard and dirty work to 
keep it clean and functioning properly. 
As a result maintenance personnel may 
neglect this work, which frequently 
causes operating trouble. 
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In comparing the two methods of 
dry well construction, it is apparent 
that capital costs are much greater for 
construction of the storage type struc- 
ture. This is not only true because of 
the area requirement, but more so be- 
cause of the additional depth required 
for storage. In either case, the receiv- 
ing facilities are equal for equal flow. 
Reduction of the storage areas required 
does not eliminate all maintenance; 
however, it does reduce the quantity 
and some of the objectionable portions 
of the maintenance work. 

It is not the scope of this paper to 
discuss all the design characteristics 
of a sewage pumping station. A few 
general features and procedures are in- 
cluded and some design problems are 
discussed in detail. However, it is a 
responsibility of the design engineer 
to consider in detail every feature, 
piece of equipment and operation of 
the entire pumping station. This in- 
eludes everything from the dynamics 
of the pump impeller to the color of 
the paint on the walls. 


Design Considerations 


The first phase of pumping station 
design is to make a preliminary in- 
vestigation to determine if a pumping 
station is necessary. Many trouble- 
some pumping facilities could have 
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been eliminated if their necessity had 
been kept in mind. Economies is not 
the only consideration relative to fea- 
sibility of design. There are many in- 
tangibles connected with pumping sta- 
tions which must also be considered. 


Location 


Location of the pumping station is 
relatively simple in new developments, 
but in the expansion and remodeling of 
an existing system it may require ex- 
tensive study. Both the anticipated 
and existing flow must be determined, 
since frequently the failure of a station 
ean be traced to an incorrect analysis 
of the flow. Proximity to residences 
and possible odor and noise nuisances 
must also be considered. 

Finally the type of pumping station 
must be determined. Here, the engi- 
neer’s background and ability are most 
important. Consideration must be 
given to a number of factors including: 
(a) the qualifications of the available 
maintenance personnel; (b) the sewer 
system as a whole; and (c) the type 
and quality of sewage to be handled. 


Flow 


In studying the flow there are two 
primary characteristics to be consid- 
ered: (a) the flow duration curve (Fig- 
ure 1) or the rate of flow relative to 
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FIGURE 1.—Typical flow duration curve for sanitary sewage. 


|_| 

meee 
| 

| 


SEWAGE AND INDUSTRIAL WASTES 


February, 1956 


PUMP CAPACITIES 
SLOPE OF CURVES 


PUMPING RATE 
800 GP. M. 


THOUSANDS OF GALLONS 


QUANTITY - 


196) FLOW (NORMAL) 


1951 FLOW 
(NORMAL) 


CAPACITY OF 
RESERVOIR - 12.8 
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FIGURE 2.—Typical mass diagram for a wet well, illustrating the operation 
of the pumps. 


time of day, and (b) the accumulated 
quantity of sewage relative to time. 
The rate of flow serves as a basis to size 
the proposed pumping station when 
variable speed pumps are to be used. 
In this case the pumps must be capable 
of handling both the low and high flow 
with proper consideration for weekly, 
seasonal and future variations. Sizing 
of receiving facilities is also based on 
this information. 

The mass diagram curve (Figure 2) 
which shows the accumulated quantity 
of flow relative to the time is used to 
size pumps, receiving facilities and 
storage required where fixed speed 
pumps are to be used. Predicted flows, 


as well as the present flow, should be 
included on the mass diagram. This 
is essential because the required stor- 
age capacity as based on this informa- 
tion will be permanent, and in most 
cases cannot be increased economically 
at a later date. 

In the theory of the mass diagram 
the ordinate represents the acecumu- 
lated quantity and the slope of the 
curve is the rate of flow. Pump curves 
can be plotted with slopes correspond- 
ing to capacities of the pumps and 
storage facilities are plotted as fixed 
ordinates. By adjusting these to the 
mass curve, the capacities of the pump, 
receiving facilities and storage reser- 
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voir can be determined for any desired 
time. This analysis presents a picture 
of the pump cycles of the pumping sta- 
tion operation. For small flows the 
mass diagram principle also may be 
applied to variable speed pump design. 
However, in large rated flow pumping 
stations the storage element is negligi- 
ble, making this method impractical. 


Sizing of Pumps 


There are two methods of preparing 
plans and specifications for pumps. 
The first is to ask a pump manufac- 
turer to furnish a pump for the instal- 
lation. The second is to develop the de- 
sign and to specify the conditions to 
be met by the pump. The first method 
eliminates competition and may have 
an adverse effect on the quality of 
equipment procured. This does not 
mean that the design could not be de- 
veloped around a particular pump. 
Quality and performance, should be 
the basis for selection rather than 
brand name. Close cooperation be- 
tween the pump manufacturers and the 
engineer is essential for good design. 
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Pump Characteristics 


Figure 3 is a typical pump analysis 
for operation only, showing the system 
curves and the pump characteristics 
curve. This particular analysis was 
not for a new installation but for an 
expansion of an existing facility. This 
pumping station was operating at a 
maximum capacity of 32 ¢.f.s. and it 
was necessary to provide for an in- 
crease in capacity. The total head on 
the pumps was 90 ft. This particular 
curve shows four different system 
curves and one force main curve. The 
upper system curves represent the total 
loss in the system and are equal to the 
sum of the piping losses and the foree 
main loss. The four different curves 
represent four possible operations, 
such as 1, 2, 3 or 4 pumps operating 
together. This is known as compound- 
ing pumps in parallel. The wide 
separation between the force main fric- 
tion curve and the total system curve 
indicates a considerable length of pump 
manifold. While this is not desirable, 
there was no way of eliminating this 
condition. 
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FIGURE 3.—Typical pump analysis curves showing the system and characteristic curves. 
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Also shown are four pump curves 
which represent any combination of the 
four pumps compounded in parallel. 
The point of intersection of the pump 
curve and the system curve is the point 
at which the pumping station would 
operate if all other conditions remained 
equal. However, in actual practice this 
is not true. The system curve varies 
with a change in friction coefficient as 
well as changes in the water level of the 
wet well. Therefore, operation can be 
predicted within a range but not to a 
point. In almost all cases it is advis- 
able to analyze the pumps for max- 
imum and net average static head. 

The design points for the particular 
pumps being studied are at 10,000 g.p.m. 
and 6,000 g.p.m. In the lower left 
hand corner are shown two curves la- 
beled N.P.S.H. Available and N.P.S.H. 
Required. The term N.P.S.H. denotes 
the net positive suction head and is 
defined as the gage reading in feet 
taken on the suction nozzle as referred 
to the pump centerline, minus the gage 
vapor pressure in feet corresponding to 
the temperature of the liquid, plus the 
velocity head at this point. 

The ‘‘Required’’ curve was plotted 
from the factory information for the 
particular pump furnished. The 
‘*Available’’ curve is normally com- 
puted at the time of design. In con- 
sidering the suction characteristics of 
the pump at the time of design the 
Available N.P.S.H. curve is studied in 
connection with suction specific speeds 
and critical cavitation sigma. By com- 
paring the critical cavitation sigma 
and suction specific speed with the 
computed N.P.S.H. Available curve, a 
design point can be established for the 
Required N.P.S.H. of a pump. As 
shown by the curves, these pumps op- 
erate at a minimum N.P.S.H. Available 
of 22.5 ft. and require a minimum 


N.P.S.H. of 20 ft. 


Constant Speed Pumps 


The specifications developed for this 
particular pump relate to character- 
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istics only. The characteristics of the 
pump shall provide 10,000 g.p.m. at 
115 ft. total dynamic head and 6,000 
g.p.m. at 140 ft. Variation in head 
shall not exceed +2 per cent or —4 
per cent. Maximum brake horsepower 
shall not exceed 400 at capacities from 
0 to 12,000 g.p.m. Required N.P.S.H. 
shall not exceed 22.5 ft. at 12,000 
g.p.m. and the pump shall not ecavitate 
under this condition. 


Variable Speed Pumps 


The design is somewhat different 
when variable speed pumps are used. 
Figure 4 shows the analysis of a two- 
pump variable speed installation. The 
head capacity curves are plotted for 
various speeds of pump operation. In 
addition, the system curves are shown 
for one pump and for both pumps in 
operation. The system curve is not 
continuous because the first pump must 
be operating at full speed before the 
second pump cuts in. When a horizon- 
tal line is plotted from any point on 
the system curve the intersections of 
this line with the characteristics 
curves indicate the operation of each 
pump for a given capacity. 

The derivation of these curves is 
similar to that of a conventional sys- 
tem except that there is no direct solu- 
tion to the secondary system curve. 
This portion of the curve must be 
derived by means of trial and error 
computations. 

While variable speed pumping is be- 
coming quite common for rated flow 
type pumping, variable speed pumps 
are not often used in multiples. The 
present trend in pumping station de- 
sign is to use variable speed pumps 
where possible. 


Pump Types 
Although there are many makes, 
types and designs of pumps available 
only a few are satisfactory for pump- 
ing sewage. Each pump has been de- 
signed for a specific purpose within 
limiting conditions and to use a pump 
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TOTAL HEAD IN FEET 


CAPACITY IN GRM. 
FIGURE 4.—Typical analysis of a two-pump variable speed installation. 


for any situation for which it was not 
designed is certain to cause trouble. 

Where variable speed design is used 
the following methods have proven 
satisfactory for obtaining the desired 
results : 


1. Wound rotor motors. 

2. Hydraulic couplings. 

3. Variable pitch pullies with belt 
drives. 

4. Magnetic couplings. 


Each of these methods gives approx- 
imately the same results, although the 
first method cannot be changed at a 
later date. Another relatively new 
method uses a pump with a built-in 
bypass for the return of excess flow. 

The pumps are one of the most im- 
portant parts of a pumping station. 
Therefore, it is not unreasonable to 
spend considerable time and effort in 
designing and specifying the equip- 
ment. 

Pump Installation 


Sewage pumps in a dry well type 
pumping station may be installed by 
one of the following methods: 


1. Pumps with isolated motors. 
2. Pedestal mounted pumps. 

3. Close coupled pumps. 

4. Horizontal pumps. 


Methods 1, 2 and 4 may be used for 
installations of variable speed pumps. 

The use of isolated motors is the 
oldest method and is still the most com- 
mon. The motor is isolated by placing 
it above the highest possible flooding 
level, which is usually at the ground 
line. The pump is then connected to 
the motor with a long shaft which, 
when not installed perfectly, is a con- 
stant source of trouble and expense. 
During recent years the trend has been 
to eliminate this long shaft. Experi- 
ence indicates that flooding of the 
pump pit is not caused by storms, ac- 
cidents and power failures, but by poor 
design and maintenance. With proper 
design, isolated motors are not essen- 
tial for reliable operation. 

The use of horizontal pumps is con- 
sidered best for ease of maintenance 
and installation. However, larger floor 
areas are required in the pump room 
and this adds to the capital cost of 
the pumping station. 

To complete the design of the dry 
well portion of the pumping station 
provision must be made for all sup- 
plementary equipment necessary to 
proper operation and maintenance of 
the station. This equipment may be 
classified according to the following 
groups: 
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1. The piping system includes valves 
and supports, taps for gages, drains 
and flexible couplings. Substantial 
bases and flexible couplings should be 
provided to prevent transmission of 
pump vibrations. Flexible rubber fit- 
tings are now available which have suf- 
ficient strength and life to be satisfac- 
tory for sewage pumping. 

2. A priming system for the pumps 
is essential where continuous automatic 
operation is intended. This may be 
accomplished conveniently without the 
use of special priming equipment if 
proper consideration is given to opera- 
tion and arrangement of equipment. 
Interconnecting the pumps in priming 
and air release systems must be avoided. 

3. Access to the equipment should be 
given careful consideration since it is 
customary for an operator to service 
the station alone. All hazards should 
be removed by design and not by. ex- 
perience. Hatches and doors must be 


sized for the removal of all equipment 


and hoisting equipment provided for 
the handling of heavy or 
equipment. 


massive 


Pump Controls 


Where automatic operation is pro- 
posed the heart of the pumping station 
is the controls. If the controls fail to 
respond to flow or liquid level changes 
the entire station fails. Among the 
many types of controls presently avail- 
able are the electrodes, the floats, the 
air bubbling systems, the electronic and 
radar systems, and the flow meters. 

All controls require some mainte- 
nanee for continuous satisfactory op- 
eration. Normal sewage contains solids, 
grease and rags, which cause clogging, 
shorting and fouling of the controls. 
To keep the controls in operation it is 
necessary to clean them frequently and 
in some locations this may be as often 
as twice a day. Cleaning and servicing 
controls is a dirty and expensive job. 
Therefore, every consideration should 
be given to the design and selection of 
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controls in an effort to eliminate clean- 
ing costs. 

The electrical system of a pumping 
station is similar to that of any indus- 
trial installation, except that portions 
of a pumping station are often sub- 
jected to hazardous conditions caused 
by the sewage atmosphere. In some 
locations this requires the use of explo- 
sion-proof fixtures. 


Receiving Facilities 


The receiving portion of a pumping 
station consists of a structure and 
equipment to receive, control, screen 
and store the sewage. In a rated flow 
type pumping station little or no stor- 
age is provided. With this one excep- 
tion, the required receiving facilities 
are the same for either type of dry 
well construction. 

The pumping station, depending on 
size, should be provided with a con- 
trol gate, sand trap, diversion gates, 
bar screen and either a grinder or a 
comminutor. In addition, pump suc- 
tion connections, stilling basin and hose 
bibbs for cleaning should be ineorpo- 
rated in the design. 

The inlet sewer should always be 
provided with a gate valve or sluice 
gate to stop the flow of sewage for rea- 
sons of maintenance and emergency. 
Frequently this control is located in 
a manhole near the pumping station. 
When possible the inlet sewer should 
be provided with an overflow or emer- 
gency bypass. 

When the pumping station is of suffi- 
cient size the inclusion of a sand trap 
may be warranted. Normally a 6-in. 
to 8-in. depression in the influent chan- 
nel is sufficient. This prevents the ac- 
cumulation of sand in the wet well 
where it is difficult to remove. 

Bar screens are necessary regardless 
of the use of automatic grinders. Pro- 
visions must be made for cleaning these 
screens and removing the screenings 
from the station. When an automatic 
grinder is provided the inlet channel 
is split following the sand trap to pro- 
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vide for both the grinder and a bar 
screen. Experience shows that grease 
is now beginning to cause trouble with 
grinders. Manufacturers of this equip- 
ment should be consulted concerning 
the particular features of their units. 

Sewage from the bar screen and 
grinder should not discharge so that 
it causes violent turbulance in the stor- 
age area. This turbulance is undesir- 
able since it causes the liberation of dis- 
solved gases from the sewage, particu- 
larly hydrogen sulfide. 

The stilling basin or storage reser- 
voir is where the sewage is stored for 
constant speed pumping and where it 
is allowed to become quiescent before 
pumping in a rated flow pumping sta- 
tion. It is also in this area that the 
pump controls are located. 

Ventilation is essential before any 
person can enter an active wet well. 
In many installations ventilation is a 
constant problem. If the wet well is 
not ventilated it is unsafe for operators 
to enter; if it is ventilated local res- 
idents complain of odor nuisance. Re- 
cent tests made by the city of Los 
Angeles, Calif. indicate that a 5 min. 
air change is both sufficient and desir- 


PROFESSIONAL OPPORTUNITY 


The newly reorganized sanitary engineering program at Ala- 
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able, provided the atmosphere entering 
through the inlet sewer is included in 
the quantity to be exhausted. 


Other Considerations 


Once the capacity and characteristics 
of the pumps have been determined, all 
other hydraulic features of the station 
ean be designed. The force main is 
designed as a pressure pipe based on 
pump capacity. Air pockets either 
should be avoided or provision made 
for the release of air or trapped gases. 

The appearance of the above ground 
pumping station structure and the 
landseaping of the grounds should not 
be neglected. Structures and land- 
seaping that blend with the contem- 
porary features of the surrounding 
area are essential if the pumping sta- 
tion is to be accepted in the neighbor- 
hood. For large pumping facilities 
provision should be made for operating 
personnel and visitors. 

Pumping stations are normally de- 
signed for a life of 40 to 50 years. 
With good engineering design they 
should satisfactorily serve for this 
period. 


bama Polytechnic Institute provides a professional opportunity in 
education. At present a faculty position in Sanitary Engineering 
is available for an assistant or associate professor to teach under- 
graduate courses in water and sewage theory and design. Research 
work in these and related fields will be carried on by the faculty. 

Requirements include a Master of Science degree in Sanitary 
Engineering or Civil Engineering with a major in sanitary work. 
Teaching experience is desirable. Salary is open, depending on 
qualifications. 

Information may be obtained by writing to Professor Theodore 
Jaffe, Civil Engineering Department, Alabama Polytechnic Insti- 
tute, Auburn, Ala. 
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SEWAGE SLUDGE THICKENING TESTS * 


By Steruine G. Brissin 


Development Engineer, Sanitary Engineering Technical Division, Dorr-Oliver Ine., 
Stamford, Conn. 


Twenty-four years ago an editorial 
appeared in the Sewage Works Jour- 
nal (1) which included the statement: 
‘‘Another marked improvement in the 
digestion of sludge would be available 
if fresh solids could be so concentrated 
before entering the digester tank that 
it would be unnecessary to draw-off 
supernatant liquor.’’ 

Prior to and since this statement was 
made design engineers and sewage 
treatment plant operators have striven 
for this goal. Inert or stable materials 
have been concentrated in thickeners 
by industry for years. However, sew- 
age sludge presents a special problem: 
the sludges are unstable and decom- 
position oceurs during the time re- 
quired for thickening (concentration). 
The decomposition produces gas which 
adheres to the solid particles, changes 
their densities and tends to buoy them 
to the surface of the liquor. 

Various methods have been used in 
an attempt to delay decomposition. 
In 1934 at Phoenix, Arizona, additions 
of chlorine and lime were used with 
varying degrees of success (2). An- 
other method of thickening utilized the 
effect of decomposition and allowed 
septic action to cause flotation of solids. 
After flotation, a subnatant was drawn 
off and the solids remained in a con- 
centrated state (3). In 1953 a method 
was developed by Torpey t to thicken 
sewage sludge on a continuous basis 
without the addition of chemicals. 

* Presented at Fall Meeting, New England 
Sewage and Industrial Wastes Assn.; Wood- 
land Country Club, Auburndale, Mass.; Nov. 
3, 1955. 

t Densludge Thickening Process, Dorr-Oliver 
Ine. 


Generally, the flow pattern permits 
dilute sludge from the primary celari- 
fiers alone or combined with sludge 
from the secondary clarifiers to be fed 
to the center feedwell of the thickener. 
The solids settle, thicken in a definite 
‘*blanket’’ zone and are drawn from 
the bottom of the tank. The excess 
liquid, which ineludes the portion 
which would ordinarily be the super- 
natant from digested sludge, is de- 
canted by a peripheral weir. 

The degree to which sewage sludges 
can be thickened depends on several 
factors. One important factor that 
determines the solids concentration ob- 
tainable is the source of the sludge, 
whether it comes from primary treat- 
ment, trickling filters, activated sludge 
or other process. 

The work by Torpey with combined 
primary and activated sludges has 
been reported previously (4). Subse- 
quent tests were conducted with pri- 
mary sludge alone (5). In order to 
obtain operating and design data for 
the thickening of combined primary 
and trickling filter sludges, the sew- 
age treatment plant at Middleborough, 
Mass. was chosen as a site for a test 
installation. 


Test Installation 


The town population of Middlebor- 
ough approximates 8,000, but it is in- 
completely sewered and only 2,500 peo- 
ple are served by a total of 700 connec- 
tions. The sewage system is composed 
of combined sanitary and storm sewers 
and the treatment plant was designed 
for a flow of 2.0 m.g.d. The flow dia- 
gram was modified to include the sludge 
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FIGURE 1.—Experimental sludge 
thickener. 


thickener (Figure 1). An existing 
plunger type sludge pump was used to 
pump primary sludge to the thickener, 
and an existing centrifugal pump, 
which originally pumped the secondary 
sludge to the primary clarifier, was 
used to divert the secondary sludge to 
the thickener. These two pumps, as 
well as the thickened sludge-with- 
drawal pump, were operated by time 
clocks because the pump capacities 
were too great for continuous opera- 
tion. The thickener was 7 ft. in diam- 
eter, with a sidewater depth of 11 ft. 
and handled all the sludge collected. 
Taps were provided in the tank wall to 
permit sampling at various depths. 
The thickener overflowed by gravity 
through a flexible plastic pipe and a 
recording weir box to the primary 
clarifier effluent. Ordinarily, this over- 
flow would be returned to the primary 
clarifier influent if feasible, but the 
hydraulics did not permit such an 
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arrangement for this temporary in- 
stallation. Thickened sludge could be 
pumped to the existing digester, an ex- 
perimental digester, or it could be di- 
vided and a portion sent to each 
digester. 


Test Periods 


Extensive tests were started on Aug- 
ust 13, 1954. During the first 30 days 
of operation, the flow to the treatment 
plant was abnormally low due to a 
clogged sewer at a bypass to the river. 
Late in September, power failures due 
to hurricanes caused a few days of in- 
terruption in operation. Operations 
proceeded until December 1 when the 
freezing of exposed piping on the 
sludge thickener forced termination of 
the project for the remainder of the 
winter season. 

Test operations were resumed May 
13, 1955 and it was soon evident that 
the treatment plant loading conditions 
had changed. The solids loading had 
inereased from an average of 300 lb. 
per day to 760 lb. per day. This was 
due partly to 40 new sewer connections 
added in the early spring. However, 
most of the additional solids could be 
attributed to abnormally large volumes 
of septic tank contents that were being 
discharged to the system. The added 
sludge from the septic tanks contained 
such a high percentage of digested ma- 
terial (often as much as 50 per cent), 
that it was not representative of nor- 
mal sewage. With this condition, valid 
information on the thickening of com- 
bined primary and trickling filter (sec- 
ondary) sludge could not be obtained. 
Although the thickener was apparently 
capable of handling effectively the in- 
creased loading, temporary diversion 
of septic tank cleanings was requested 
for the remainder of the test period— 
June through August, 1955. 


Test Data 


Data for the thickener operation 
(Table L) is self-explanatory and is 
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SLUDGE VOLUME RATIO, DAYS 


FIGURE 2.—Sludge volume ratio versus 
total solids concentration. 


divided into monthly periods where 
possible. These periods are further 
subdivided only when the flow or other 
operating conditions changed dras- 
tically. The liquid ratio reported is 
the proportion of secondary sludge 
volume to primary sludge volume and 
averaged 8.0. 

The sludge volume ratio reported is 
the same as that defined by Torpey (4) 
as ‘“‘the volume of sludge blanket di- 


FIGURE 3.—Thickened sludge with a 15 
per cent solids concentration. 
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vided by the daily volume of sludge 
pumped from the thickener.’’ A graph 
of the total solids concentration versus 
the sludge volume ratio is shown in 
Figure 2 as obtained from results at 
Middleborough. This graph agrees 
closely with data presented by Torpey. 
Initially a small increase in solid vol- 
ume ratio produces a fairly rapid in- 
crease in sludge concentration. For a 
sludge volume ratio greater than one, 
the increase in concentration is less 
rapid per unit increase in the ratio. 

The length of time that sludge may 
be held for concentration, as measured 


% TOTAL SOLIDS UNDERF LOW 


90 80 70 60 50 40 
% VOLATILE SOLIDS 


FIGURE 4.—Total solids versus per cent 
volatile solids for combined primary and 
secondary sludge. 


by the sludge volume ratio, is deter- 
mined primarily by its freshness and 
the speed with which septicity may 
occur. These in turn are affected by 
factors such as the length and slope of 
the sewer outfall, and the temperature 
of the sewage. 


Concentrated Sludge 


The thickened sludge withdrawn 
from the bottom of the thickener had a 
‘*slump’’ somewhat similar to that of 
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thick, wet concrete. This sludge (Fig- 
ure 3) was of exceptional concentra- 
tion and contained about 15 per cent 
total solids. The thickened sludge 
averaged 8.4 per cent total solids for 
the seven months of operation. 

As mentioned previously, the degree 
to which sewage sludges ean be concen- 
trated depends on several variables 
and their interrelation. One variable 
already cited is the method of treat- 
ment. Different processes cause vari- 
ance because the flocs formed through 
various methods of biological treat- 
ment are bulky and concentrate to a 
lesser extent than raw sludge from a 
primary clarifier. The degree of bio- 
logical treatment and the percentage 
relationship of the biologically formed 
sludge to the primary sludge are prin- 
cipal factors of concern. 

The ratio of secondary solids to the 
total solids collected varied from 0.16 
to 0.27. This was determined by mak- 
ing suspended and total solids determi- 
nations on composite samples of the 
secondary sludge pumped to the thick- 
ener as well as on the thickener 
underflow. 


Fe TOTAL SOLIDS THICKENER UNDERFLOW 
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FIGURE 5.—Total solids versus per cent 
volatile solids for primary sludge only. 
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FIGURE 6.—Comparison of increased 
solids concentration of primary sludge ver- 
sus combined primary and secondary 
sludge. 


In the concentration of inert sub- 
stances, the density of the material is 
important in determining the degree of 
concentration. The same is true for the 
concentration of sewage sludge. How- 
ever, for convenience in analyzing sew- 
age sludge a counterpart measure of the 
volatile solids content was used. Fig- 
ure 4 shows a graph of the total solids 
concentration (primary and secondary 
sludge) versus the volatile content in 
the thickened sludge, and indicates that 
the concentration obtained increases 
with a volatile content. 
Figure 5 shows a similar graph de- 
veloped from thickening tests on raw 
sludge only at Ypsilanti, Mich. (5). 
From a comparison of these two curves 
(Figure 6) it is evident that primary 
sludge may be concentrated to a greater 
extent than combined primary and 
trickling filter sludge, regardless of 
volatile content. 


decrease in 


Thickener Overflow 


Thickener overflow quality com- 
mands interest equal to that of the 
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THICKENER LOADING La/SQ FT /Dar 


FIGURE 7.—Relationship of solids recov- 
ered by thickening versus solids loading. 


underflow. Generally the effluent char- 
acteristics are similar to or slightly 
better than those of raw sewage. The 
5-day B.O.D. of the overflow approx- 
imated 150 p.p.m. The suspended 
solids varied from 100 p.p.m. to 170 
p.p.m. Since the avoidance of anae- 
robic decomposition is one of the op- 
erating criteria, the overflow is entirely 
suitable for return to the treatment 
plant. There is no odor problem. 

Temperature and sludge volume 
ratio affect both the sludge concen- 
tration and the overflow quality. An- 
other factor is the liquid and solids 
loading rates. There was little vari- 
anee of the liquid loading, but the 
solids loading did vary, and its effect 
could be observed. 

Figure 7 shows that the per cent of 
solids recovered increased with an in- 
crease in solids loading up to a loading 
of 18 to 20 lb. of solids per square feet 
per day, when the per cent solids recov- 
ered leveled off at approximately 96 per 
cent. There is a minimum practical 
solids loading, below which the per- 
wentage of solids recovered decreases 
rapidly. Although percentage-wise the 
recovery of solids increased, the effluent 
quality or pounds of solids lost re- 
mained constant under the conditions 
and limits of the test operation. 

The effect on the effluent of higher 
solids loadings cannot be predicted in 
this case. The maximum solids load- 
ing was never accurately determined 
because the loading to the treatment 
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plant was limited. A solids loading 
close to 20 lb. per square foot per day 
was handled during May, 1955, but ap- 
proximately one-half of this load con- 
sisted of well digested solids from the 
septic tank cleanings. At maximum 
solids loading the effluent quality be- 
gins to either deteriorate or the obtain- 
able solids concentration decreases. 
These factors in turn are dependent 
on an interrelation of sludge volume 
ratio, temperature and the other fac- 
tors previously mentioned. 


Evaluation of Thickener 


To evaluate the worth of a sludge 
thickener installation, it is necessary to 
compare the results obtained with a 
unit with those of conventional opera- 
tion without a thickener. One of the 
primary comparisons is the difference 
in volume of sludge pumped. Table 
II gives the treatment plant flow and 
daily average gallons of sludge pumped 
to the digester for the 12 months prior 
to the installation of the thickener. 
The sludge volume pumped to the di- 
gester averaged 2,150 g.p.d. or 3,900 
gal. of sludge per million gallons of 
raw sewage. 

During the months of test operation 
the sludge volume pumped to the 


TABLE II.—Raw Sludge Volume Versus 
Treatment Plant Flow 


M 

Jan 2,400 534 
Feb 2,040 676 
Mar 2,110 823 
April 2,540 985 
May 2,840 685 
June 2,460 368 
July 1,870 354 
Aug 2,300 317 
Sept 2,320 298 
Oct 1,750 321 
Nov 1,510 480 
Dec 1,600 803 
Average 2,150 533 
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digester from the thickener averaged 
only 484 g.p.d. or 1,215 gal. of sludge 
per million gallons of raw sewage. 
This is approximately one-third the 
sludge volume pumped before thicken- 
ing equipment was installed. A pro- 
portionate decrease in digester capacity 
would appear to be feasible. 

In addition to thickening of raw 
sludge for the digestion process, pre- 
liminary tests indicate that thickening 
of raw sludge prior to vacuum filtra- 
tion increases production rates and 
reduces chemical requirements. 

The effect of the thickener and its 
overflow on the entire treatment plant 
operation is equally as important as 
reduced sludge volume. Visually, the 
benefits of thickening resulted in in- 
creased clarity of the clarifier effluent, 
particularly the primary units. This 
increased clarity can be attributed to 
two major factors: 


1. The digester supernatant load to 
the primary clarifiers was reduced be- 
cause of the reduced volume of sludge 
pumped. 

2. Settled sludge was removed imme- 
diately from the clarifiers and not al- 
lowed to build up. 


Although routine daily analyses are 
not made at the Middleborough treat- 
ment plant, periodic samples are taken 
and analyzed at the Lawrence Experi- 
ment Station, Lawrence, Mass. The 
average results of 12 sets of analyses 
between March, 1952 and June, 1954 
prior to the thickener installation are: 


Sewage Sample 


Determination 
(p.p.m.) 


Primary | Final 
Eff. Effi. 


Susp. solids 46 5 23 
B.O.D. 5 13 


Three analyses made during the pe- 
riod of thickener operation are: 
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Sewage Sample 


Determination 
-p.m.) 
(P-p.m Primary 


Final 
Effi. 


Susp. solids 51 30 28! 
B.O.D. 40 7 


' Individual analyses were 8, 10 and 67. 


Although limited, these analyses con- 
firm the visual observation that there 
was an improved clarifier performance. 


Associated Problems 


As with any new process or equip- 
ment, the use of sludge thickeners pro- 
duces a few associated problems that 
have not been widely encountered be- 
fore. Primarily, the handling of the 
thickened sludge presents new pump- 
ing and pipe line design considerations 
due to the increase in the percentage 
of solids. 

An occasional problem is the auto- 
matic control of thickened sludge pump- 
ing where sewage plant flow varies 
greatly. This is not a problem for 
large installations with steady flows. 
However, some occasional adjustment 
may be required for a small treatment 
plant served by a combined sewer sys- 
tem. This was the case at Middle- 
borough when a severe storm would 
wash additional solids from the streets 
and catch basins. The sludge blanket 
in the thickener would build up rap- 
idly due to the suddenly increased 
solids load. Hence it was necesary to 
increase the sludge withdrawal tem- 
porarily to maintain equilibrium. 


Summary and Conclusion 


The seven months of full seale thick- 
ener operation at Middleborough con- 
firmed that the principles of thickening 
ean be successfully applied to sludges 
derived from other methods of treat- 
ment. During normal operation an 
average of 3,900 gal. of sludge was 
pumped to the digester per million 
gallons of raw sewage compared with 
an average of only 1,215 gal. of thick- 
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ened sludge per million gallons of 
raw sludge during thickening opera- 
tions. 

Visual and analytical observations 
showed that the inclusion of a sludge 
thickener tank in the treatment process 
improved the performance of the 
clarifiers. 
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CONTRACT AWARDS, 


Contracts for 185 stream pollution 


abatement projects were awarded by 
municipalities, during the third quar- 
ter of 1955, according to the U. 8S. 
Public Health Service. The $61,800,000 
represented by these public sewage 
treatment plant projects covered 98 
new treatment facilities and 87 addi- 
tions, enlargements, or improvements 
to existing plants. Of the 98 new 
plants, costing $19,957,000, only 7 
were for communities of more than 
25,000 population, although these 7 
plants accounted for 41.4 per cent of 
the total new plant cost. These con- 
tracts were awarded by: Paducah, 
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THIRD QUARTER, 1955 


Ky.; Las Vegas, Nev.; Middlesex 
County Sewerage Authority, N. J.; 
Johnson City, Tenn.; Kingsport, 
Tenn.; Fort Lewis, Wash.; and King 
County Sanitary District, Wash. 

Municipalities with fewer than 5,000 
population awarded 62 contracts for 
new treatment plants and 22 improve- 
ment contracts. Although the number 
of contracts for the third quarter was 
substantially below that for the pre- 
vious quarter (213 contracts), the total 
dollar value was $10,000,000 more than 
the value of the second quarter con- 
tracts. 
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Industrial Wastes 


BIOLOGICAL TREATMENT OF MIXTURES OF TEX- 
TILE WASTES AND DOMESTIC SEWAGE * 


By R. H. Souruer anp T. A. ALSPAUGH 


Cone Mills Corporation, Greensboro, N. C. 


This is the second in a series of pa- 
pers on pilot plant treatment of highly 
alkaline textile mill waste and domestic 
sewage mixtures. The first paper cov- 
ered the treatment of this waste mix- 
ture through a single-stage-high rate 
trickling filter and activated sludge 
unit. Results reported in the paper 
(1) showed that, contrary to published 
data, a mixture of up to 40 per cent 
highly alkaline composite dyehouse, 
bleaching, finishing, mercerizing and 
color waste can be successfully treated 
with no chemical pH adjustment. This 
was found to be practical either 
through high-rate trickling filter and 
activated sludge treatment, or through 
trickling filter treatment alone. 

Research in waste problems has been 
conducted by the textile industry over 
a long period of time. The outstand- 
ing research in textile waste treatment 
was carried out at one of the Cone 
mills plants, in the 1930’s, by the Tex- 
tile Foundation (2), jointly sponsored 
by the State Board of Health, the City 
of Greensboro, and Cone Mills. In 
this work it was shown that textile mill 
waste, including sulfur dye-sewage 
waste, could be satisfactorily treated 
by the activated sludge or trickling 
filter process. The early studies were 
not carried to the extent of showing 
that highly alkaline waste could be 
treated without pretreatment. 


* Presented at 1955 Annual Meeting, North 
Carolina Sewage and Industrial Waste Assn.; 
Winston-Salem, N. C.; Nov. 14-16, 1955. 
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Preliminary Investigations 


A search of the literature (3) failed 
to reveal that a 40 to 60 per cent mill 
waste-sewage mixture had been success- 
fully treated in biological processes at 
pH up to 11.5. Pretreatment of highly 
alkaline wastes has been considered a 
requirement before such waste could 
be treated biologically with sewage in 
municipal sewage systems. The city 
of Charlotte, for example, will not ac- 
cept waste above a pH of 9.0 in its new 
biological treatment plant. One objec- 
tive of research would be to treat with- 
out acids or other chemicals, to save 
expensive chemical costs. If methods 
can be worked out to reduce alkalinity, 
such as neutralization by carbon di- 
oxide recovered from power plant 
stacks the problem of textile waste 
might be pretty well solved, because 
neutralized waste is more easily adapt- 
able to biological treatment. 

Cone Mills has been actively con- 
cerned for a long time with the success- 
ful treatment of textile mill waste to 
relieve stream pollution (4), and has 
endeavored to determine the effective- 
ness of biological treatment of highly 
alkaline textile mill waste-sewage mix- 
tures without the use of expensive 
chemical pretreatment. It is recog- 
nized that research can also benefit by 
studies to eliminate waste at the source 
in the plant (5). The application of 
the Con-Mil redox method (6) to in- 
digo and vat dye evaluations, and sub- 
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sequent application to sulfur dyeings 
resulted in further reductions in 
amount of waste released to the stream 
by changing the methods of dyeing. 
Others in the textile industry (7) (8) 
have made strides in substituting chem- 
icals with low pollution potential for 
products with high pollution qualities. 

This paper reports results obtained in 
a study of the treatment of textile waste 
mixture through two stage high rate 
trickling filters and activated sludge; 
plus a comparison of the one stage and 
two stage high-rate filtration and aec- 
tivated sludge results. Biological treat- 
ment of domestic sewage-alkaline tex- 
tile waste mixtures is shown to be prac- 
tical without use of chemical pretreat- 
ment. Waste mixtures with a pH as 
high as 11.5, a phenolphthalein alkalin- 
ity of 562 p.p.m., and a B.O.D. of 558 
p.p.m., can be treated through high 
rate filtration and activated sludge 
units with a total B.O.D. removal in 
excess of 90 per cent through all units. 
The degree of treatment desired can 
be obtained by increasing or decreas- 
ing the size and number of trickling 
filters, increasing or decreasing load- 
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ing and/or recirculation on the filters, 
and by using or omitting the activated 
sludge units. 


Pilot Plant Design 


The pilot plant employed in these 
studies (Figure 1) was designed to 
give data on several methods of treat- 
ment at the same time for comparison 
purposes. Treatment was provided by 
the following units: 


Storage and mixing tanks 

Primary settling tank 

First and second stage high-rate 
trickling filters 

Two large pump sumps for recireula- 
tion 

Two small pump sumps for activated 
sludge feed 

Final settling tank 

Two small laboratory activated 
sludge units and final settling 
tanks 


The details of design data on various 
units in this pilot plant can be found 
in Tables I and II, with the B.O.D. 
loadings calculated for the various 
flows investigated. The standard de- 
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FIGURE 1.—Schematic flow diagram, pilot plant for biological treatment. 
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TABLE I.—Pilot Plant Design Data— 
Experimental Units 


Primary Settling Tank 
Settling time, 24 hr. 
Hoppered bottom with drain for sludge re- 
moval. 
Final Settling Tank 
Settling time, 2} hr. 
Drain in bottom for sludge removal. 


Trickling Filters, High-Rate 
Depth, 4 ft. 
Diameter, 1.25 ft. 
Volume loading, variable. 
Organic loading, variable. 
Stone size: 
Ist Trickling Filter—Granite Chips 


Size (in.) Pass Screen (%) 


2nd Trickling Filter—Birmingham Slag 
Size (in.) Pass Screen (%) 
0-10 
0-20 
85-100 
100 


1} 
2 
34 


Activated Sludge Units 
Aeration time, 6 hr. 
Air quantity. Based on 90 per cent or higher 
B.O.D. removal on domestic sewage in small 
pilot plant, 7.5 cu. ft./gal. 


TABLE II.—Pilot Plant Design Data—Experimental Runs 
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sign criteria used for this pilot plant 
were based on ‘‘Suggested Design Data 
for Sewage Treatment Plants,’’ of the 
North Carolina State Board of Health. 

The pilot plant units were operated 
continuously 24 hr. a day, seven days 
a week, except for Saturdays and Sun- 
days when the flow to the plant was 
reduced and the recirculation rates on 
the filters increased. The textile mill 
waste was mixed in the proportions 
found to exist in a survey of the total 
waste flow to the North Buffalo Sewage 
Treatment Plant, Greensboro, N.C. A 
small percentage of mill waste mixture 
was first added to the domestic sewage 
and treated in the pilot plant. Then 
this percentage was increased until the 
correct proportion of mill waste to sew- 
age was reached. 

In the survey of the total waste pic- 
ture at the North Buffalo Plant (Table 
IIT) it was found that 38.9 per cent of 
the total waste mixture was mill waste 
and 61.1 per cent was sewage. It was 
decided to use a 40 per cent mill waste 
—60 per cent sewage mixture in this 
pilot plant study for ease in caleula- 
tion, and also to use a stronger mixture 
than the present total combined flow to 


Experimental Run 


Control! 
125 


2 to 1 


Flow, g.p.d. 
Recire. ratio 
Filters : 
Number 1 
Depth, ft. 4 
Diameter, ft. 1.25 
Surface area (sq. ft.) 1.22 
Surface area (acre) 
Volume (cu. ft.) 
Volume (acre ft.) 
B.O.D. load (Ib./day) 
Total B.O.D. load (Ib./cu. yd.) 
On Ist Trickling Filter 
On 2nd Trickling Filter 
Surface loading (m.g./acre) 
Without recir. 
With recir. 


4.88 
0.000112 
0.493 
2.7% 
2.73 


0.0000278 


1.25 
2.44 
0.0000556 
9.76 
0.000224 
0.697 
1.73 
3.45 
2.51 


1.25 
2.44 
0.0000556 
9.76 
0.000224 
0.790 
1.97 
3.93 
3.30 


2.44 
0.0000556 

9.76 
0.000224 


2.44 
0.0000556 
9.76 


0.000224 


9.0 


27.0 45.0 


1 See Ref. 1. 


1} 0-5 
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Item 
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oa) 125 150 210 250 
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the sewage plant to cover variations in 
flow and B.O.D. load. A breakdown 
of the mill waste mixture is shown in 
Table IV. 


Treatment Methods 


The three treatment methods, in- 
vestigated simultaneously for compari- 
son purposes, were as follows: 


1. Treatment by primary settling, 
single stage high-rate trickling filter, 
activated sludge and final settling. 

2. Treatment by primary settling, 
first stage high-rate trickling filter, 
second stage high-rate trickling filter 
and final settling. 

3. Treatment by primary settling, 
first stage high-rate trickling filter, 
second stage high-rate trickling filter, 
activated sludge and final settling. 


Pilot Plant Experiments 


The pilot plant was operated as a 
one stage high-rate trickling filter— 
activated sludge plant and as a two 
stage high-rate trickling filter—activ- 
ated sludge plant at several different 
flows in the following order: 


125 g.p.d. = recireulation ratio 2 to 1 
150 g.p.d. = recireulation ratio 4 to 1 
210 g.p.d. = recireulation ratio 4 to 1 
250 g.p.d. = recirculation ratio 4 to 1 


After the pilot plant had been op- 
erated at 125 g.p.d. (recirculation ratio 
of 2 to 1) and the results tabulated, the 
flow was increased to 150 g.p.d. It was 
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TABLE III.—Flow to Sewage Plant 


Flow 


Source (m.g.d.) 


B.O.D. 
(Ib./day) 


Sewage 
Unidentified waste! 
Total, sewage 

Mill waste 


5.61 
1.24 
6.85 
4.36 


Total, all waste 11.21 


1 Not directly traceable to mill outlets so is 
included under domestic sewage, even though 
the B.O.D. load is higher than normal domestic 
sewage. 


found that this increase in flow caused 
the pH in the effluent from the first 
stage high-rate filter to be too high for 
successful operation of activated sludge 
unit No.1. (Activated sludge unit No. 
1 operated on the effluent from the first 
stage high-rate trickling filter, see Table 
I.) Therefore, it was necessary to in- 
erease the recirculation ratio. The 
ratio was increased from 2 to 1, to 4 to 
1. Increase in the recireulation ratic 
produced a lower pH in the effluent 
from the first stage trickling filter, due 
to the increased dilution factor and 
also to more opportunity for bacterial 
action. 

Careful caleulation of flow-through 
time indicated that treatment through 
the first stage high-rate trickling filter 
and activated sludge units would take 
approximately 11 hr. Treatment 
through two-stage high-rate trickling 
filters and final settling units would be 


TABLE IV.—tTextile Mill Waste 


Outlet 


(aa) Type of Waste 


B.O.D, 


(lb./day) | (p.p.m.) 


Sulfur and indigo 
Finishing waste 

3 Bleachery and Kier waste 
3 and 4 


shop; mercerizing waste 


Total 


Rayon and cotton dye waste 


Kier and finishing waste; vat, sul- 
fur, and indigo dye waste; color 


1,820 
1,510 
2,760 
2,440 


1,028 
381 
640 

2,040 


12,320 490 


20,850 


| 
Flow 
(%) 
10,230 
4,670 
14,900 61.10 
20,856 38.90 
100 
w w 
(m.g.4.) (%) 
0.475 10.90 
0.518 11.88 
0.144 3.30 
| 3.011 69.06 
is 
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TABLE V.—Pilot Plant Treatment of 40 Per Cent Highly Alkaline Mill Waste and 60 Per Cent 


Sewage, No pH Adjustment, Recirculation Ratio 2 to 1 at 125 G.P.D. 


Treatment Units 


Percent Removal 


Date (Sept 
Primary? 
B.0.D. 
Color 
First-stage trickling filter? 
B.0.D. 
Color 
Activated sludge No. 14 
B.O.D. 
Color 
First-stage trickling filter and ac- 
tivated sludge? 
B.O.D. 
Color 
Second-stage trickling filter* 
B.O.D. 
Color 
First- and second-stage filtration 
and final settling? 
B.O.D. 
Color 
Activated sludge No. 2° 
B.O.D. 
Color 
First- and second-stage filtration 
and activated sludge?* 
B.O.D. 
Color 


94.2 
76.0 


1 Load on filters (Ib. B.O.D./ceu. yd.) 
First trickling filter, 2.47. 
Second trickling filter, 1.60. 

? Based on raw influent. 

* Based on effluent from primary clarifier 


* Based on effluent from first-stage trickling filter. 
5 Based on effluent from second-stage trickling filter 


7 hr., and treatment through two-stage 
high-rate trickling filter and activated 
sludge units would be approximately 
12 to 13 hr. 

The following method of sampling 
was used. The waste was collected and 
pumped into the storage tank at 3 to 4 
pM each afternoon. A sample of this 
new raw mix was collected immediately. 
At 8 am the following morning (15 
to 17 hr. later) catch samples were col- 
lected at all units. The activated 
sludge units included 6 to § hr. storage 
basins following final settling tanks, 
and catch samples were collected from 
these basins, This catch sample 
method gave enough time for the new 


waste mixture to go completely through 
all units of the pilot plant before sam- 


ples were collected. It was found on 
sampling, that the raw storage tank 
waste did not lose biochemical oxygen 
demand upon standing overnight, but 
on the contrary it gained about 4 
per cent. 


Pilot Plant Operation 


The waste was mixed daily in a 150- 
gal. storage tank and was stirred con- 
tinuously, 24 hr. a day, with a slow 
speed stirring mechanism to keep sus- 
pended matter in suspension. Small 
sumps served as the feed for the pump 
to the two activated sludge units. The 


oo | 1 3 | 8 1 | 15 | 22 | 24 | 27 | Av. 

}13.1| 76] 36] 39 | 271] 108] 65] 0 5.3 
a | 0 0 8.3] 0 0 0 | 20.0] 0 3.5 
| 32.4 | 47.5 | 25.8 133.3 152.7 | 36.5 | 28.5 | 29.5 | 35.6 
40.0 40.0 | 27.3 | 29.2 |18.2 | 25.0 | 12.5 | 33.3 | 28.7 

| 

| — | — | 77.1 | 57.5 |65.2 | 70.9 | 40.3 | 81.9 | 64.1 
ig | — | — | 25.0 | 29.4 |38.9 | 33.3 | 14.3 | 25.0 | 23.6 
— - | 83.6 |72.8 |83.96| 83.5 | 60.1 | 86.7 | 78.1 
_ - | 50.0 | 50.0 | 50.0 | 50.0 | 40.0 | 50.0 | 47.4 
a | 52.1 | 50.9 | 69.3 |61.6 | 63.3 | 72.4 | 59.7 | 62.3 | 62.0 
| 16.7 | 16.7 | 12.5 29.4 | 22.2 | 33.3 | 28.6 | 27.5 | 24.8 

| 74.6 | 83.1 | 81.1} 75.3 | 86.5 | 88.6 | 73.1 | 77.8 | 80.2 
ei | 54.0 60.0 | 50.0 | 53.3 |45.5 | 50.0 | 60.0 | 58.3 | 53.9 
pat | 77.2 | 94.4 | 93.5 193.98] 79.0 | 82.8 | 94.3 | 93.1 | 88.9 
igh | 47.8 | 44.4 | 64.3 | 41.7 |57.1 | 50.0 | 44.0 | 52.0 | 51.3 
97.4 | 98.6 | 98.5 | 96.5 | 97.3 | 98.5 | 98.1 | 97.4 
| 72.0 | 79.2 |70.8 |72.7 | 75.0 | 72.0 | 80.0 | 74.8 

AG 
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waste was pumped 50 ft. from the 
sumps to either activated sludge unit. 

The activated sludge units were nec- 
essarily small so that their flow, taken 
from the total flow would not disrupt 
the larger trickling filter units. They 
each used only about one to two gallons 
per 24 hr. As can be seen, this would 
make the flow from the first trickling 
filter to the second trickling filter, and 
from the second trickling filter to the 
final settling tank, short by this same 
amount. To take care of this problem, 
in the case of the flow of 125 g.p.d., 
127 g.p.d. would be pumped from the 
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storage tank each day to the primary 
settling tank and first trickling filter. 
Then two gallons would be removed 
for activated sludge unit No. 1. Then 
125 g.p.d. would be pumped to the sec- 
ond filter, and two gallons removed 
between the filter and final settling 
tank for activated sludge unit No. 2. 

The activated sludge units were first 
placed in operation using domestic 
sewage. When the air rate could be 
adjusted to give 90 to 95 per cent 
B.O.D. removal continuously, the waste 
mixture was substituted for sewage 
and the units were allowed to adjust 


TABLE VI.—Pilot Plant Treatment of 40 Per Cent Highly Alkaline Mill Waste and 60 Per Cent 
Sewage, No pH Adjustment, Recirculation Ratio 4 to 1 at 150 G.P.D.' 


Treatment Units 


Percent Removal 


October 


Date (1954) 


15 


Primary? 
B.O.D. 
Color 
First-stage trickling filter® 
B.O.D. 
Color 
Activated sludge No. 1* 
B.0O.D. 
Color 
First-stage trickling filter and ac- 
tivated sludge?* 
B.O.D. 
Color 
Second-stage trickling filter 
B.O.D. 
Color 
First- and second-stage filtration 
and final settling? 
B.O.D. 
Color 50.0 
Activated sludge No. 2° 
B.O.D. 95.8 
Color 50.0 
First- and second-stage filtration 
and activated sludge*® 
B.O.D. 98.8 
Color 75.0 


4.4 


' Load on filters (Ib. B.O.D./cu. yd.) 
First trickling filter, 3.45. 
Second trickling filter, 2.51. 

? Based on raw influent. 

? Based on effluent from primary clarifier. 


* Based on effluent from first-stage trickling filter. 
5 Based on effluent from second-stage trickling filter. 


Nov. 
8.3] 7.05} mm | 15.2] 148] 52 | 899/105 
8.3} 0 143/167| 0 | 0 0 5.2 
42.9 135.7 | 25.9] 348] 7.9|16.9 |31.3 |27.2 
27.3 | 42.9 | 16.7 | 20.0 | 20.0 | 20.0 |16.7 | 25.3 
82.0 |85.8 | 50.0 | 79.1 | 58.2 185.5 | 75.4 | 72.95 
25.0 150.0 | 40.0} 0 | 25.0 |25.0 |60.0 | 35.3 
90.6 191.5 | 64.6 | 88.5 | 67.2 | 88.6 | 84.6 | 82.4 
50.0+| 71.4 | 57.1 | 33.3 | 40.0 |60.0 |66.7 | 54.2 
39.1 | 45.8 | 42.8 | 47.3 | 36.8 | 31.97|55.4 | 43.3 
25.0 | 25.0 | 30.0 | 25.0 | 25.0 | 25.0 | 20.0 | 24.99 
68.9 | 67.6 | 59.5 | 73.6 | 53.6 | 48.2 173.9 | 64.4 
50.0 | 57.1 | 50.0 | 50.0 | 40.0 | 40.0 | 33.3 | 46.9 
92.8 | 88.6 | 95.2 | 87.2 | 94.9 |} 92.5 | 88.97| 92.5 
25.0 | 40.0 | 48.6 | 58.3 | 50.0 150.0 |62.5 | 48.6 
97.8 |96.3 | 98.1 | 96.3 | 97.5 |96.0 |96.9 | 97.2 
62.5 |74.3 | 74.3 | 79.2 | 70.0|70.0 |75.0 | 72.7 
= 
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TABLE VII.—Pilot Plant Treatment of 40 Per Cent Highly Alkaline Mill Waste and 60 Per Cent 
Sewage, No pH Adjustment, Recirculation Ratio 4 to 1 at 210 G.P.D.' 


Treatment Units 


Percent Removal 


B.O.D. 
Color 
First-stage trickling filter® 
B.O.D. 
Color 
Activated sludge No. 14 
B.O.D. 
Color 
First-stage trickling filter and 
activated sludge? 
B.O.D. 
Color 
Second-stage trickling filter* 
B.O.D. 
Color 
First- and second-stage filtra- 
tion and final settling? 
B.O.D. 
Color 
Activated sludge No. 2° 
B.O.D. 
Color 
First- and second-stage filtra- 
tion and activated sludge* 
B.O.D. 
Color 


17 


1 Load on filters (Ib. B.O.D./cu. yd.) 
First trickling filter, 2.86. 
Second trickling filter, 2.36. 

? Based on raw influent. 

* Based on effluent from primary clarifier. 


* Based on effluent from first-stage trickling filter. 
5 Based on effluent from second-stage trickling filter. 


themselves. It was found on this 
waste mixture that if the suspended 
solids content of the activated sludge 
units was maintained higher than the 
normal practice, better results would 
be obtained. The suspended solids con- 
tent was held as close to 7,000 to 9,000 
p.p.m. as possible, instead of 2,000 to 
3,000 p.p.m. This was the range of 
best operation. Lower suspended solids 
levels caused foaming, but when the 
level was raised foaming stopped. 
When the flow reached 250 g.p.d., 
the volume loading was so high that all 
growth on the first 4 to 6 in. of stone 
in the filters washed away. The 
sloughing of slime growth from the 


filters was also very serious, much more 
than at lower rates. 


Pilot Plant Results 


The results of biological treatment of 
highly alkaline textile mill waste and 
domestic sewage mixtures (with no 
chemical pretreatment), are summar- 
ized in several tables. 

Table V presents data on the B.O.D. 
and color removal accomplished by all 
combinations of units, while operating 
the pilot units at a flow rate of 125 
g.p.d. (recirculation ratio 2 to 1). 

Table VI presents the same data at a 
flow rate of 150 g.p.d. (recirculation 
ratio 4 to 1). The data in Tables VII 


a Date (Mar., 1955)..............-.. 9 | 10 | a | 16 | m | 18 | 23 | 24 | 25 | av. 
Primary? 

22.6) 0 2.98] 14.1] 5.81165 | 91] 5.1] 64] 9.2 
: - | O 0 0 0 0 0 0 0 0 0 

0 | 30.5] 6.8 | 13.7 | 24.2}21.97] | 30.4] 15.7] 17.6 
ae 28.6 | 25.0 | 16.7 | 25.0 | 25.0 | 25.0 | 33.3 | 25.0 | 25.0 | 25.4 

of 64.2 | 65.1 | 84.9 | 67.7 | 64.7 | 76.5 | 51.6 | 55.3 | 61.5 | 66.7 
~ | 40.0 | 33.3 | 30.0 | 33.3 | 46.6 | 60.0 | 25.0 | 55.5 | 55.5 | 42.3 
| | 

72.3 | 75.7 |86.4 | 76.2 | 74.81 85.4 | 55.9 | 70.5 | 69.1 | 75.1 
<a | 57.1 | 50.0 | 41.6 | 50.0 | 60.0 | 70.0 | 50.0 | 66.6 | 66.6 | 56.9 

es | 47.6 | 47.4 | 52.7 | 31.9 | 39.8] 53.3 | 41.3 | 15.5 | 38.1 | 40.1 
os | 20.0 | 22.2 | 20.0 | 22.2 | 27.7 | 22.2 | 25.0 | 16.6 | 22.2 | 22.1 

ee | 58.8 | 64.9 | 59.9 | 49.5 | 59.3} 71.0 | 46.6 | 49.2 | 51.1 | 57.0 
aa | 42.8 41.6 | 33.3 | 41.6 | 45.8 | 41.6 | 50.0 | 37.5 | 41.6 | 41.8 
=e | 91.6 | 81.1 | 89.7 | 77.5 | 73.3} 86.6 | 73.9 | 87.1 | 67.3 | 80.7 
ae 60.0 | 54.2 | 62.5 | 54.2 | 44.6 | 60.0 | 40.0 | 57.3 | 54.2 | 54.6 
a 96.3 | 92.6 | 95.6 | 88.6 | 88.5 | 96.1 | 86.1 | 92.8 | 84.0 | 91.3 
sik 97.1 73.3 | 88.6 | 73.3 700 | 766 70.0 | 73.3 | 73.3 | 73.6 
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TABLE VIII.—Pilot Plant Treatment of 40 Per Cent Highly Alkaline Mill Waste and 60 Per Cent 
Domestic Sewage, No pH Adjustment, Recirculation Ratio 4 to 1 at 250 G.P.D.' 
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Percent Removal 
Treatment Units 
April 
Date (1BGR). ...ccseccescaatnavebebe 30 | 31 1 6 14 | 15 | 20 | 21 | 22 | 27 | 28 | 29 4 
? 
B.O.D. 4.45) 15.2) 2.35) 0 | 22.7) 27.0) 26.7|)11.4) 3.8) 0 | 5.4] 9.3 
Color 0 0 0 0 0 0o;o0;0;0 0;0);0 0 0 
First-stage trickling filter® 
B.O.D. 24.8 | 6.0) 0 4.74| 17.4| 33.3) 22.5) 19.5] 5.4] 20.3] 21.5] 20.0] 15.0 | 16.3 
Color 25.0 | 25.0) 25.0 | O | 23.0) 28.6] 16.6) 11.1) 10.0) 11.1] 11.1] 14.3] 14.3 | 15.6 
Activated sludge No. 1* 
B.O.D. 58.8 | 70.4] 46.7 | 57.9 | 67.2} 66.9) 54.4) 37.2) 56.2) 55.6) 57.5) 16.5) 63.0 | 54.0 
Color 22.2 |33.3| 22.2 | 42.9 | 30.0) 30.0) 30.0) 43.9) 44.4] 44.4) 44.4) 33.3] 25.0 | 35.7 
First-stage trickling filter and acti- 
vated sludge* 
.O.D. 69.9 | 76.0) 48.0 | 59.0 | 72.9) 82.8) 74.2| 63.0) 64.0) 66.2) 66.5) 33.2] 70.3 | 66.0 
Color 41.6 | 50.0) 41.6 | 42.7 | 46.2) 50.0) 41.6) 50.0) 50.0) 50.0) 50.0) 42.8) 35.6 | 46.0 
Second-stage trickling filter* 
B.O.D. 43.2 | 25.8] 30.9 | 24.7 | 20.4| 28.9) 12.7] 26.2| 15.8] 31.3) 34.5) 30.6 | 27.3 
Color 22.2 | 11.1) 11.1 | 14.3 | 20.0} 20.0),20.0) 25.0) 11.1] 12.5] 12.5] 33.3) 33.3 | 18.7 
First- and second-stage filtration and 
final settling? 
B.O.D. 59.2 | 44.2) 32.6 | 31.2 | 45.7) 69.1) 55.1| 52.4] 42.0) 36.2) 46.0) 55.5) 51.9 | 48.0 
Color 41.7 | 33.3] 33.3 | 14.3 | 38.5} 42.9) 33.3] 33.3] 20.0) 22.2) 22.2] 42.9] 42.9 | 31.5 
Activated sludge No. 2° 
B.O.D. 54.5 | 87.8] 77.5 | 74.5 | 63.0) 65.1) 60.0) 73.3) 65.4) 55.9] 74.5] 49.6) 60.3 | 67.5 
Color 17.1 | 57.5| 57.5 | 63.3 | 37.5) 57.5) 37.5) 50.0} 50.0) 50.0) 50.0) 25.0) 12.5 | 45.0 
First- and second-stage filtration and 4 
activated sludge? 
.O.D. 81.4 | 92.8] 85.0 | 81.9 | 75.6) 87.0) 83.5) 86.0) 79.0) 71.3] 86.0] 73.7) 79.5 | 82.0 
Color 51.5 | 71.8} 71.8 | 68.8 | 61.5) 75.6) 64.2! 66.7) 60.0) 61.0) 61.0) 57.2) 50.0 | 62.3 


! Load on filters (Ib. B.O.D./cu. yd.) 
First trickling filter, 3.93. 
Second trickling filter, 3.30. 

* Based on raw influent. 

* Based on effluent from primary clarifier. 


* Based on effluent from first-stage trickling filter. 


and VIII are based on flow rates of 210 
and 250 g.p.d., respectively (both using 
recirculation ratios of 4 tol). 

Table 1X presents a comparison of 
pH reduction through the various units 
of the pilot treatment plant. 

Table X presents data on the re- 
moval of suspended solids accomplished 
by the combination of treatment units 
at the several flow rates employed. 


Discussion 


These pilot plant studies have shown 
that mixtures of textile mill waste and 
domestic sewage can be successfully 
treated together by biological processes. 

The high pH of a waste affects the 
per cent removal of B.O.D by a trick- 
ling filter. In these experiments it was 
noted that in all flows except at 250 
g.p.d., the filters reduced the pH of the 
waste flowing through them, at least 


5 Based on effluent from second-stage trickling filter. 


sufficiently for the activated sludge 
units to take up the extra B.O.D. load 
which was due to the reduced efficien- 
cies of these filters. 

At 250 g.p.d., the rate of flow on the 
filters was so high (45 m.g. per acre, 
80 per cent above standard design prac- 
tice upper limit) that the filter growth 
was washed through. All the growth 


TABLE IX.—Comparison of the pH Reduction 
Through Various Units 


Treatment Units Monthly Average pH 

Flow rate (g.p.d.) 125 | 150 | 210 | 250 
Pilot plant infl. 10.95 | 11.49 | 10.8 | 10.7 
Primary efll. 10.86 | 11.46 | 10.8 | 10.7 
First trickling filter effi. 9.75|}10.5 | 10.1 | 10.1 
Second trickling filter effi. 9.01} 9.75| 9.6] 9.6 
Final settling tank effi. 9.0 9.74] 9.5) 9.58 
Activated sludge No. 1 effl.! | 8.77] 9.29| 9.0] 9.3 
Activated sludge No. 2 effi? | 8.4 8.74| 85] 8.9 


1 From first trickling filter. 
? From second trickling filter. 


\ 
pa 
3 
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TABLE X.—Percent Removal of Suspended Solids through the Pilot Plant 


1954 
Sept. 10 
Oct. 8 

1955 


Mar. 9 


Flow 
(g.p.d.) 


125 
150 


210 
250 


Suspended Solids Removal, Per cent 


First 


Filter 
Only 


34.4 
30.0 


Trickling 


Second | 
Trickling| 
\Trickling 

Filter 


Raw 
through 
Fina 
Settling 


58 


56.7 


44.9 
44.6 


Acti- 
vated 
Sludge 
No. 1 
Only 


Raw 
through 
Activated 
Sludge 
No. 1 
(1 Trick. 
Filter and 
Act. 81.) 


69.8 
52.2 


Raw 
through 
Activated 


Filters and 
Act. SL.) 


95 
89 


90.8 
85 


April 6 


was washed from the first six inches 
of stone in both filters. The effluent 
pH from the second-stage filter to the 
activated sludge unit was above 9.5, 
and as a result the efficiency of the 
activated sludge unit dropped. 

Roughing filters will lower the pH, 
reduce the B.O.D. load, and will change 
the alkalinity from hydroxides to car- 
bonates and bicarbonates. This will 
allow a constant pH and B.O.D. load to 
be fed to the activated sludge units 
from the filters and the waste can be 
very satisfactorily treated. There is a 
limit, though, to the volume and organic 
loading roughing filters will assimilate. 
These limits should be taken into con- 
sideration, especially the volume or 
surface loading limit. 

Even at a pH of 11.5 and B.O.D. of 
558 p.p.m., if enough filter capacity is 
provided the waste can be conditioned 
successfully for secondary treatment 
by activated sludge with a total B.O.D. 
removal in excess of 90 per cent 
through all units. 


TABLE XI. 


The filters and activated sludge must 
be suceessfully acclimated gradually 
to this highly alkaline waste mixture 
for good treatment. 

In treating the 40 per cent to 60 per 
cent mill waste—sewage good color re- 
moval was accomplished even at a pH 
of 11.5 at normal B.O.D. loading; 70 
per cent removal through the whole 
process. (The effluent was clear, with 
only a faint yellow tinge, and not of- 
fensive.) The color removal dropped 
to 50 per cent at high volume loading. 

The final effluent had no odor, and 
no strong sulfide odors were noticed at 
any of the units. The fact that the 
treatment was carried out in a highly 
alkaline state allowed the sulfides to be 
converted to sulfates instead of com- 
ing off into the atmosphere as hydro- 
gen sulfide. 

The degree of suspended solids re- 
moval was excellent. The effluent was 
clear with no turbidity to be seen. 
This was accomplished at flow rates 
ranging from 125 g.p.d. to 210 g.p.d. 


‘Summary Comparison 


One Stage Filtration Followed by Activated Sludge 


Flow (g.p.d.) 


Recirculation 
tio 


125 
150 
210 
250 


pH 


B.O.D. (p.p.m.) B.O.D. 


Value 


Removal 


Influent Effluent 


10.95 
11.49 
10.8 
10.7 


99.5 
98.4 
81.3 


174 
: | 

ri- Stude Sludge 
eae mary | Sludge No. 2 
fg No, 2 (2 Trick 
0 50 12 56 |_| 80 88.5 90 
al O | 47.3 | 13.7 | 544 | MMM | 45.2 | 755 | 71 

| 
0 30.5 48.8 28.5 70.5 
in 

<a 

(%) 
2 to 1 455 78 
4tol 558 82.4 
4tol 326 75.1 
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TABLE XII.—Summary Comparison 
Two Stage Filtration Followed by Settling 


Flow (g.p.d.) 


Recirculation 
Ratio alue 


B.O.D. (p.p.m.) 


Influent Effluent 


125 10.95 
150 11.49 
210 10.8 
250 10.7 


455 90 
558 199 
326 140 
379 197 


At flow of 250 g.p.d., the removal 
dropped from 95 per cent to 85 per 
cent, due to higher volume load- 
ing. 

Sulfides and sulfites were converted 
to sulfates, as evidenced by a rise in 
sulfate values through the pilot plant 
and reduction of the sulfites and sul- 
fides. 

The activated sludge units seem to 
operate best with a suspended solids 
content of frem 7,000 to 9,000 p.p.m., 
instead of the normal 2,000 to 3,000 
p.p.m. No foaming was evident, and 
the sludge index was usually below 100, 
except when the pH value increased 
sharply in the units. Operating at 
pH’s in the range of 9.5 to 10.0, there 
was no bulking at the lower flows and 
B.O.D. loadings. The sludge index in- 
creased with higher flows and B.O.D. 
loadings and bulking oceurred in the 
pH range of 9.8 to 10.5. 

These experiments proved that trick- 
ling filters will serve to reduce the pH 
and alkalinity of a waste, thus making 
the waste treatable by second-stage 
treatment-activated sludge. The filters 
do not remove a large amount of the 


B.O.D. load but do start biological 
action. 


Summary Comparison of One-Stage 
Filtration and Activated Sludge 


The results of treatment through 
one-stage high-rate filtration and ac- 
tivated sludge units produces an efflu- 
ent which may be satisfactory for di- 
rect disposal to a small water-way. 
Table XI summarizes B.O.D. in the 
original waste, per cent removal of 
B.O.D., and p.p.m. of B.O.D. remain- 
ing in the effluent. 


Summary Comparison of Two-Stage 
Filtration and Final Settling 


The results of treatment through 
two-stage filtration and final settling 
do not give as good an effluent as treat- 
ment through one-stage filtration and 
activated sludge. This was as ex- 
pected. There was one exception, at 
a flow of 125 g.p.d. and recireulation 
ratio of 2 to 1. (See Table XII.) 


Summary Comparison of Two-Stage 
Filtration and Activated Sludge 


The results of treatment through 
two-stage filtration and an activated 


TABLE XIII.—Summary Comparison 
Two Stage Filtration Followed by Activated Sludge 


Recirculation 


Flow (g.p.d.) Ratio 


B.O.D. (p.p.m.) 


Influent Effluent 


125 to 
150 to 
210 to 
250 to 


455 12 
558 16 
326 28 
379 68 


B.O.D. 
Removal 
80 
64.4 
57.0 
48.0 
| 
B.O.D. 
— Vale 
1 10.95 97.4 
1 11.49 97.2 | 
1 10.8 91.3 
1 10.7 81.5 
| 
{ 
| 


76 


sludge unit were excellent. (See Table 
XIII.) The two-stage filtration units 
will give a better degree of treatment 
the 
stage, but 


within certain limits using same 
amount of stone as for one 
initial cost and maintenance would be 


higher, 


Future Experiments 


Experiments are in progress to com- 
pare combined biological treatment of 
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2. Miles, Henry J., and Porges, Ralph, 
‘“Textile Waste Studies in North Caro 
lina.’? Amer. Dyestuff Reporter, 27, 
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3. Stream Sanitation Committee of Pied 
mont Section, AATCC, ‘‘ Bibliography 

Textile Wastes.’’ Amer. Dyestuff 


on 


Reporter, 44, 168 (Mareh 14, 1953). 
4. Souther, R. H., ‘‘Research in Textile 
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EFFECTS OF HIGH CONCENTRATIONS OF NITROGEN 
ON ACTIVATED SLUDGE 


By Ropert L. Everertr R. MatrHews, anp (©. W. CHRrisTENSON 


Respectively, Chemist AEC Materials and Accountability Branch, San Francisco Operations 
Office, Oakland, Calif.; Chief, Health Engineering Branch, Santa Fe Operations 
Office; and Group Leader, H-?, Los Alamos Scientific Laboratory, 


The cause of occasional malfunction 
of the activated sludge process in 
treatment of a liquid industrial waste 
was thought to be caused by high con- 
centrations of either nitrate ion or 
ammonium ion which oeceurred in the 
raw waste at irregular intervals. To 
investigate each of these possibilities, 
experimental activated sludges were 
established in laboratory units, and the 
effects of various concentrations of ni- 
trate and ammonium nitrogen were 
studied. The usual chemical control 
tests were made to assist in interpret- 
ing results from these studies. 


Experimental Results 


Two experimental activated sludges 
were set up by placing equal amounts 
of sewage-fed stock sludge in each of 
two 10-1. calibrated, Pyrex bottles. 
These sludges were aerated continu- 
ously by applying compressed air 
through diffuser stones. Each sludge 
was fed settled sewage, once daily for 
six days each week, by the fill and draw 
method; each drawdown reduced the 
volume to 3 1. and each feed volume 
was 5 1. The first of the two sludges 
served as a control, while the second 
was the experimental sludge. To the 
experimental sludge was added each 
day, in addition to the feed of settled 
sewage, supplemental nitrate ion in 
the form of sodium nitrate. The 
sludge effluents were analyzed twice 
each week and the mixed liquor at 
weekly intervals. 


Los Alamos, N. Mes. 
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Nitrate Nitrogen Addition 


After some exploratory changes in 
procedure, the daily nitrate supple- 
ment to the experimental sludge was 
raised by increments of 160 p.p.m. ni- 
trate nitrogen, based on the feed vol- 
ume of 5 L, to 1,120 p.p.m. A period 
of two weeks to one month was allowed 
at each supplementation level for ac- 
climation. When the 1,120 p.p.m. level 
of nitrate supplementation was reached, 
control of the mixed liquor suspended 
solids content was begun. After the 
weekly analysis for suspended solids 
was completed, the fraction of mixed 
liquor calculated to reduce the sus- 
pended solids to 3,000 p.p.m. was 
wasted prior to drawdown; if the 
analysis showed less than 3,000 p.p.m. 
suspended solids, no sludge was wasted. 

Finally, in an attempt to reach a 
definitive point in an experiment tend- 
ing to become of inconvenient duration, 
the nitrate supplementation level was 
successively increased from 1,120 p.p.m. 
to 1,600, 2,400, 3.600 and 4,800 p.p.m. 
during the latter part of the study. 
No adverse effects were noted as a re- 
sult of these more abrupt changes. 

A summary of the data obtained 
during the course of the experiment is 
given in Table I. Inspection of these 
data shows that the only significant 
differences between the experimental 
and control sludges are in sludge den- 
sity indices and, of course, the experi- 
mentally induced differences in effluent 
nitrate contents. The experimental 
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TABLE I.—Summary of Data on Effect of Nitrate Nitrogen on Sewage-Fed Activated Sludges 


Period (days) 
Determination (p.p.m.) b d h i j k 
Raw Feed 
' NOs—N to exp’! sl. 40 368 460 640 800 960 | 1,120 | 1,600 | 2,400 | 3,600 | 4,800 
‘fluent 
NO:sz—N in control 49 41 32 40 21 2 25 56 51 45 
NOs—N in exp’! sl. 74 373 527 793 920 988 | 1,127 | 1,712 | 2,480 | 2,822 | 4,433 
NO:—N in control — 0 0 
NO:—N in exp’! sl. - 2.4 0 0 0 
NH,.—N in control 0.8 0 0 1.2 0.6 0.3 1.5 0 0 0 
NH,.—N in exp’! sl. 0.8 0 0 1.0 08 0.4 1.5 0.3 0 0 0 
O.C. in control! 19 2 16 29 40 38 42 46 28 39 
O.C. in exp’! sl.! 15 4 20 31 46 45 37 38 19 4 65 
B.O.D. in control — = 2 3 7 —~ 12 11 4 
B.O.D, in exp'l sl. -— 3 2 6 6 2 3 9 
PO, in control 19 16 20 | 23 25 29 27 — 29 28 28 
PO, in exp'l sl. 17 16 19 | 21 23 25 26 — 30 23 30 
pH in control? 6.5 7.3 7.6 6.8 78 Peg 7.6 — 6.9 6.9 6.7 
pH in exp'l sl.* 6.4 7.4 7.5) 7.0 7.9 7.8 7.7 7.5 7.3 7.2 7.1 
Mixed Liquor | 
Susp. sol. in control 2,391 | 2,597 | 2,674 | 2,481 | 2,636 | 3,267 | 3,215 _ 2,396 | 2,174 | 2,222 
Susp. sol. in exp'l sl. 2,285 | 2,671 | 2,854 | 2,603 | 3,079 | 3,666 | 2,987 | 3,342 | 2,953 | 3,190 | 3,170 
Sludge density index in | 
control 0.62 0.61 0.30 0.71 | 0.60 0.75 _— 0.93 0.78 0.79 
Sludge density index in | } 
exp'l sl. 0.62 0.72 0.76 1.86 2.31 3.07 2.40 1.60 1.77 1.27 


! Acid dichromate oxygen consumed procedure. 
2 Median value. 


sludge rapidly became more dense than 
the control sludge and remained this 
way. The density of the experimental 
sludge was such that the sludge ac- 
quired a marked coarseness, or granu- 
larity, to an extent that moderately 
increased agitation was necessary to 
maintain the sludge in suspension in 
the mixed liquor. However, none of 
the various analyses conducted indi- 
eated that operation of this coarse 
sludge was unsatisfactory. Whether 
the coarseness of the experimental 
sludge was caused by a specific action 
by the nitrate ion, or was the result 
of the high electrolyte concentration 
in the mixed liquor, has not been in- 
vestigated. 

Sawyer and Bradney (1) have re- 
ported difficulty with rising sludge in 
settling tanks when the nitrate nitro- 
gen content exceeded 10 p.p.m. No 


such difficulty was encountered with 
these experimental sludges nor in those 
described in the following section on 
ammonium nitrogen supplementation. 
Presumably the difference in operating 
experience is due to the relatively long 
aeration period 


(about 22 hr.) and 


short settling time (1 hr. or less) used 
for this experimental work. 


When considering the suspended 
solids valnes for the periods ‘‘h”’ 


through ‘‘k’’ (Table I), a direct com- 
parison between the control and experi- 
mental sludges should not be made, 
since it was necessary to develop a new 
control prior to period ‘‘h’’; the orig- 
inal control sludge was accidentally 
lost and suspended solids content of 
the new control had not reached 3,000 
p.p.m. when control analyses were re- 
sumed. However, the data that are 
presented and observations made dur- 
ing the course of the experiment indi- 
cate that a relatively high concentra- 
tion of nitrate nitrogen ion does not 
inhibit sludge growth or the normal 
metabolic connected with 
such growth. 


processes 


Nitrate Content Variations 


The nitrate nitrogen analytical 
values reported in Table I show the 
somewhat unsatisfactory result of at- 
tempts to compare nitrate added to the 
raw feed and nitrate content of the 
effluents as determined by the phenol- 
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disulfonie acid colorimetrie method. 
Occasional extreme variations in the 
values obtained by the day-to-day 
analyses were encountered, and utiliza- 
tion of other methods of analysis did 
not clarify the situation. 

Many postulates have been discussed 
as possible explanations for these varia- 
tions, such as nitrate utilization by the 
sludge, adsorption of nitrate by the 
sludge, presence in the sewage feed of 
substances which interfere with the 
analytical procedure, and accidental 
omission of the daily nitrate supple- 
ment. Any or all of these postulates 
are possible, but it is believed the least 
probable are those which assume sud- 
den changes in the sludge metabolic 
processes. Further, the variations 
were sufficiently frequent to reduce 
markedly the probability that the error 
was accidental omission of the nitrate 
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supplement. The average effluent ni- 
trate nitrogen analytical values for 
each level of nitrate supplementation, 
both with and without the highly sus- 
pected values, are sometimes higher 
and sometimes lower than the theoret- 
ical values. The source of the apparent 
variations, therefore, would seem to lie 
in the analytical procedure, and to be 
caused by the presence of substances 
which interfere with the color develop- 
ment. 

Infrequent foaming, with slight 
sludge loss, was observed in the experi- 
mental sludge; and infrequent produc- 
tion by both sludges of clear brown 
effluents. These variations are attri- 
buted to the varying composition of 
the sewage feed. No correlation was 
observed between either of these phe- 
nomena and variation of effluent ni- 
trate content. 


Period (days) 


Raw Feed: 
NH,—N to exp’! sl. 144 
B.O.D. to N ratio in exp’l sl. 0.8 

Effluent: 
NH,—N in control 0 
NH,—N in exp’! sl. 1.4 
NO,—N in control 0 
NO.—N in exp’l sl. 0 
NO;—N in control 32 
NO;—N in exp’I sl. 129 
O.C. in control! 37 
O.C., in sl." 47 
B.O.D. in control 4 
B.O.D. in exp’! sl. 3 
pH in control? 6.8 
pH in exp’! sl.? 6.4 
PO, in control 37 
PO, in exp’! sl. 28 

Mixed Liquor: 
Susp. sol. in control 2,681 
Susp. sol. in exp’] sl. 3,027 
Sludge density index in control 0.59 
Sludge density index in exp’! sl. 1.69 | 

| 


2,874 


160 176 208 320 480 
0.8 0.7 0.7 0.3 0.2 
0 0.5 0 0 
3 2.4 5.1 13.7 211 
0 5.9 0 0 
0 0 1.9 0 220 
33 — 6 45 43 
139 160 260 340 100 
45 68 43 24 
50 64 52 35 249 
3 — 15 12 7 
7 i) 7 4 26 
7.4 7.0 7.0 
6.8 6.6 6.4 6.9 
30 — 35 28 25 
27 41 69 23 12 
2,774 - 3,128 2,396 2,222 
2,699 3,016 2,908 2,669 
0.72 - 0.90 0.92 0.79 
1.79 1.86 1.71 1.72 1.99 


' Acid dichromate oxygen consumed procedure. 


2 Median value. 


|| 
(p.p.m.) 
| Determination (p.p.m b d 
g | 19 24 | 12 | 19 | 15 | 28 fe 
| 
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Ammonium Nitrogen Addition 


To extend the studies initiated with 
the nitrate ion investigation, two more 
experimental activated sludges were 
established from sewage-fed stock, and 
to one of these various concentrations 
of ammonium nitrogen were added. 
The volumes described for the 
nitrate study, as well as the same draw- 
down and feeding procedures, were 
To the feed of 5 1. of settled sew- 
age ammonium ion was added in the 
form of various salts, in inerements 
shown in Table II, with time provided 
for acclimation at each level of sup- 
plementation. 

The ammonium ion was added as 
various salts rather than as the same 
salt throughout the course of the ex- 
periment for several The 
original salt, ammonium sulfate, was 
chosen for stability and lack of effect 
of the anion. However, when low ter- 
minal pH values developed with this 
supplement, a change was made to am- 
monium the latter was 
selected with the possibility in mind 
that the bicarbonate ion might serve 
to neutralize some of the acid produced 
metabolically, thus keeping the ter- 
minal pH values in a more desirable 
range. 

Neutralization by bicarbonate ion 
was only temporarily effective, and it 
soon became necessary to add caustic 
soda routinely to the mixed liquor, in 
addition to the feed and ammonium 
ion supplement. Later the supply of 
ammonium bicarbonate was exhausted 
and ammonium carbonate was substi- 
tuted with no noticeable differences en- 


same 


used. 


reasons. 


bicarbonate ; 


suing; addition of caustic soda was still 
necessary to control the terminal pH. 
The possible loss of free ammonia from 
the mixed liquor by aeration, during 
the somewhat more alkaline period fol- 
lowing addition of caustic soda, was in- 
vestigated and shown to be negligible. 

Inspection of the data in Table II 
shows that the values for dichromate 
oxygen consumed, ammonium nitrogen, 
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FIGURE 1.—Effect of ammonium nitrogen 
on sewage-fed activated sludge. 


nitrite nitrogen and nitrate nitrogen 
are most indicative of the effects of the 
ammonium nitrogen supplement. These 
parameters for the experimental sludge 
are plotted in Figure 1. They show 
that marked changes occurred in the 
performance of this sludge by the time 
an ammonium nitrogen concentration 
in the raw feed of 480 p.p.m. was 
reached. The oxygen consumed, B.O.D., 
ammonium nitrogen and nitrite nitro- 
gen values in the effluent inereased 
markedly, while the nitrate nitrogen 
values decreased, when ammonium ni- 
trogen supplementation was increased 
from 320 to 480 p.p.m. ; the correspond- 
ing B.O.D. to nitrogen ratios in the 
raw feed were 0.3 to 1 and 0.2 to 1. 
These changes, of course, resulted in 
undesirable effluent characteristics. 


Synthetic Feed Studied 


In order to obtain more information 
on B.O.D. to nitrogen ratio in the raw 
feed, and at the same time to eliminate 
the variations inherent in the sewage 
feed, a control sludge and an experi- 
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mental sludge were established on a 
synthetic feed of white flour, sugar, 
minerals and tap water. 

Once a day, six days each week, the 
8-l. aeration volumes were drawn down 
to 3 1, and the 5-l. effluent volumes 
were replaced with tap water. Slurries 
of a flour-sugar mixture and a mineral 
supplement were then added to pro- 
duce concentrations of 500 p.p.m. flour, 
300 p.p.m. sugar, 4.8 p.p.m. magnesium, 
14.7 p.p.m. phosphate and 3.2 p.p.m. 
potassium, based on the 5-l.-feed vol- 
ume, in addition to the minerals pres- 
ent in the Los Alamos tap water. As 
with the sewage-fed experimental 
sludge, various salts of ammonium ion 
were added to the synthetic-fed ex- 
perimental sludge, in _ increments 
shown in Table III, with time for 
acclimation to each new level. 

Examination of the data in Table 
IIT shows that at an ammonium nitro- 
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gen feed concentration of 112 p.p.m., 
the effluents from the flour-sugar-fed 
activated sludge began to indicate un- 
desirable characteristics ; as the supple- 
mentary ammonium nitrogen dosage 
was increased these effluents departed 
still further from generally accepted 
standards. At this concentration of 
ammonium nitrogen in the feed, the 
B.O.D. to nitrogen ratio was 3.2 to 1. 

Increasing the B.O.D. to nitrogen 
ratio in the feed to more normal levels, 
by maintaining the ammonium ion sup- 
plement constant at the highest level 
reached and adding a high-carbon food 
supplement, might have been investi- 
gated to determine whether or not the 
sludges would re-establish satisfactory 
effluent characteristics. This further 
step was not taken because the experi- 
ment already had consumed far more 
time than had originally been allotted 
for it. 


TABLE III.—Summary of Data on Effect of Ammonium Nitrogen 
on Flour-Sugar-Fed Activated Sludges 


Period (days) 


Determination (p.p.m.) 


Raw Feed: 
NH,.—N to exp’! sl. 
B.O.D. to N ratio in expl’l sl. 
Effluent: 
NH,—N in control 0.1 
NH,—N in exp’! sl. ‘ 0.8 
NO.—N in control 0 
NO,—N in exp’! sl. 0.1 
NO;—N in control 0.3 
NO;—N in exp’! sl. 30 
O.C. in control! 13 
O.C. in exp’! sl.! 19 
B.O.D. in control 3 
B.O.D. in exp’! sl. 6 
pH in control? 7.9 
pH in exp’] sl.” 7.0 
PO, in control 7 
PO, in exp’! sl. 0.7 
Mixed Liquor: 
Susp. sol. in control 
Susp. sol. in exp’] sl. 
Sludge density index in control 
Sludge density index in exp’l sl. 


56 
5.8 


4,705 
3,996 
3.49 
2.08 


4,256 
3,906 
3.86 
2.57 


4,029 
3,614 
2.59 
1.85 


! Acid dichromate oxygen consumed procedure. 
? Median value. 


| 
i 
| 
3 | 19 9 2 | 9 15 13 4 
72| 88| 112] 136] 216] 320] 480 
A 4.7 3.9 32 2.6 1.7 1.2 0.8 7 
of of of of 10 
4} of of 27] @9| 137 
0 0 0 0 0; 0.2) 06 
0.5 0.2 15 32 39 146| 203 ae 
04| 04] 02] 03] 05] 10 
s 36 66 79 77 62 17 5 
2 22 23 20 50 20 69 83 
: 20 14 36 69 118} 211 319 
: 4 7 & 21 14 57 26 
9} 5! 20| 35) 47] 54 
7.8 7.8 7.7 7.7 7.6 7.9 8.0 
: 8.0 78 7.6 7.6 7.4 6.5 
; ll 6 4 16 3 6 6 
= 0.5 0 0 0.8 5 8 5 ; 
4,212 | 4,180 | 3,925 | 3,448 | 4,375 | 3,782 
‘ 3,797 | 3,688 | 4,473 | 3,072 | 3,642 | 3,307 
3.11] 3.99] 2.56] 2.03] 1.81 
1.22) 0.731] 137] 1.811 1.671 — 


Discussion of Results 


High concentrations of nitrate nitro- 
gen, added to an experimental activated 
sludge over periods of time permitting 
acclimation, did not inhibit sludge 
growth or the normal metabolic proc- 
esses. The only effect noted was an in- 
erease in the density of the sludge. 
Therefore, it is probable that high ni- 
trate feed concentrations were not the 
eause for the occasional deterioration 
of effluents at the local industrial ac- 
tivated sludge treatment plant. 

High concentrations of ammonium 
nitrogen caused deterioration of ac- 
tivated sludge effluents. The effect 
was noted at a B.O.D. to nitrogen ratio 
of 3.2 to 1 for the flour-sugar-fed 
sludge and a ratio of 0.2 to 1 for the 
sewage-fed sludges. These ean be com- 
pared to an optimum ratio of 20 to 1 
as suggested by Heukelekian (2). At 
these distorted ratios, the amount of 
B.0.D. present appeared inadequate 
to support the biological growth nec- 
essary for oxidizing the ammonium ni- 
trogen to nitrate. The fact that the 
sewage-fed sludge was able to endure 
a greater distortion in the feed ratio 
ean be attributed to the generally 
greater resistance to any stress of such 
sludges over those fed only synthetic 
materials. It is believed that deteriora- 
tion of the effluents was due to a defi- 
ciency of B.O.D. rather than to any 
specific toxie effect of the ammonium 
ion. From these experiments it is rea- 
sonable to infer that high concentra- 
tions of ammonium nitrogen could have 
been the cause of occasional malfunc- 
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tion of the local industrial activated 
sludge treatment plant. 


Conclusions 


Judged by acceptable effluent com- 
position and continued sludge growth, 
nitrate nitrogen has no deleterious ef- 
fect on activated sludge in concentra- 
tions up to 4,800 p.p.m., if an adequate 
period is allowed for acclimation. 

Undesirable activated sludge effluent 
characteristics appear when high con- 
centrations of ammonium nitrogen are 
present in the raw feed, even though 
adequate time is allowed for acclima- 
tion. With sewage-fed sludge these 
characteristics appeared at a concen- 
tration of 480 p.p.m., and a B.O.D. to 


nitrogen ratio of 0.2 to 1. With a 
flour-sugar-mineral-fed sludge, these 
characteristics appeared at an am- 


monium nitrogen concentration of 112 
p.p.m., and a B.O.D. to nitrogen ratio 
of 3.2 to 1. 
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HIGH-RATE ACTIVATED SLUDGE TREATMENT OF 
FINE CHEMICAL WASTES * 


By F. E. Drypen, P. A. Barrett, J. C. Kissincer, anp W. W. ECKENFELDER, JR. 


Respectively, Waste Treatment Department Head, Associate Research Chemical Engineer and 
Waste Treatment Department Supervisor, Chemical Division, Merck & Co., Inc., Danville, 


The Cherokee Plant of Merck & Co., 
Inec., is a medium sized medicinal and 
fine chemical manufacturing plant lo- 
cated on the North Branch of the Sus- 
quehanna River near Danville, Pa. 

The principal products manufac- 
tured are antibiotics produced by fer- 
mentation, synthetic vitamins and cor- 
tisone. The wastes from these proc- 
esses constitute the disposal problem. 

Before manufacturing operations 
were started in the summer of 1951, 
a waste discharge permit was obtained 
from the Pennsylvania Department of 
Health which stipulated that a 35 per 
cent reduction in B. O. D. must be 
attained, essentially all the suspended 
solids must be removed, and the amount 
of B.O.D. discharged in the treatment 
plant effluent must not exceed a pre- 
seribed limit. 

The chemical treatment facilities 
provided to meet the conditions of this 
permit consisted of neutralization, 
equalization, alum treatment and the 
necessary sludge handling facilities. 
Treatment and recovery of certain 
waste products within the manufactur- 
ing facilities also were planned. The 
basis of design for this waste treatment 
installation was the calculated B.O.D. 
load of the wastes plus consideration 
of the experience at the Stonewall 
Plant of Merck & Co. in Virginia, 
which is approximately the same size 
as the Cherokee Plant and operates 
similar chemical manufacturing proc- 
esses. 

* Presented at 1955 Annual Meeting, Penn- 


sylvania Sewage and Industrial Wastes Assn. ; 
State College, Pa.; Aug. 22-24, 1955. 


Pa.; and Consulting Engineer, Weston, Eckenfelder and Hood, Paterson, N. J. 
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It was evident, after almost a year 
of operation, that it would be quite 
difficult, at the then current produc- 
tion levels, to maintain treatment effi- 
ciencies within the limits stipulated in 
the waste discharge permit utilizing 
only the existing treatment facilities. 


Trickling Filter Studies 


Experimental work has been success- 
ful at the Stonewall Plant using a 
trickling filter for the treatment of 
this type of waste (1). Accordingly, 
full-seale trickling filter facilities were 
being installed (2). Based on this in- 
formation trickling filters were selected 
as the logical choice for an experimen- 
tation program at the Cherokee Plant. 

After a few weeks of operation with 
the pilot plant, it became evident that 
trickling filters presented problems 
which were unanticipated and not 
easily solved. The major difficulty was 
an extremely prolific, gelatinous growth 
which would not slough, nor could it 
be induced to slough by the customary 
shock treatments. This growth was so 
profuse that ponding would occur in a 
matter of one to two weeks and the 
efficiency of the system would deterior- 
ate from 70 per cent reduction to 20 
per cent reduction, averaging about 40 
per cent reduction. 

The B.O.D. loading on the filters 
during these tests varied from 1 lb. 
per cubic yard of filter media to about 
3.5 lb. per cubic yard. The hydraulic 
loading was varied from 15 mg.d. to 
more than 25 m.g.d. in an effort to con- 
trol the growth by hydraulic action. 
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Neither the B.O.D. loading nor the hy- 
draulie loading had any great influence 
on the accumulation of growth. The 
only successful solution to the ponding 
problem was the complete replacement 
of the filter media, an obviously im- 
practical answer. Due to the ponding 
condition, it was believed that trickling 
filters were not the answer to the treat- 
ment problem. 

The decision was made to evaluate 
the activated sludge process as a 
method of treatment, and an experi- 
mentation program was initiated. It is 
the purpose of this paper to describe 
this work and the evaluation of the 
treatment as it was applied to this 
problem. 


Laboratory Activated Sludge Studies 


From the results obtained with the 
pilot-plant trickling filters, it was con- 
cluded that the waste material was not 
toxic to biological growth and that ade- 
quate nutrients were available. These 
are the primary requisites for any bio- 
logical treatment system (3). 

The factors affecting the operation 
of any activated sludge process are: 


1. Concentration and chemical char- 
acteristics of the waste. 

2. Concentration of active sludge in 
the aerator. 

3. Contact time in the aerator. 

4. Activity of sludge. (Measured by 
oxygen utilization rate.) 


Of these several factors, only the 
sludge concentration and contact time 
are controllable in operation or design. 
The other factors are dependent on the 
nature of the waste. It is assumed that 
adequate oxygen is available and suit- 
able pH conditions exist. 

The laboratory program was estab- 
lished as a series of batch type tests in 
a 5-l. aerator. The aerator consisted of 
a cylindrical glass vessel, 6 in. in diam- 
eter and 16 in. tall. 

Air dispersion 
with two 


was accomplished 
3-in. diameter air turbines 
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rotating at 600 r.p.m. These turbines 
were placed on a common shaft ap- 
proximately 3 in. apart with the bot- 
tom impeller 14% in. from the bottom 
of the vessel. Air was introduced un- 
der the bottom impeller. 

A modification of the chemical oxy- 
gen demand procedure described by 
Porges et al (4) was used in these 
studies. Ussentially this procedure 
consisted of heating the sample to 
160° C. in 5 min. with sulfurie-phos- 
phorie acid dichromate solution using 
silver sulfate as a catalyst. The sam- 
ple was then cooled, diluted and ti- 
trated with standard ferrous ammo- 
ium sulfate using ferroin indicator. 
The use of silver sulfate as a catalyst 
was a modification proposed by the 
laboratories of the Atlantic Refining 
Co. The D.O. determinations were 
made polarographically, using a rotat- 
ing platinum electrode in conjunction 
with a saturated calomel electrode (5). 

Initial studies on the polarographic 
determination of dissolved oxygen were 
conducted with a dropping mercury 
electrode. Complete polarograms were 
determined for various process streams. 
These polarograms served as a basis 
for selection of the operating voltage, 
and they showed that it was not neces- 
sary to employ maxima suppressor. 
The dropping mercury electrode is 
quite suitable for determination of dis- 
solved oxygen in samples of low sus- 
pended solids; however, it is not suited 
for samples such as aerator mixed 
liquors which may contain 1,000 to 
5,000 p.p.m. suspended solids. 

The most serious failing of the drop- 
ping mercury electrode is in the de- 
termination of the oxygen utilization 
rate of aerator mixed liquor. It was 
found that the sludge would settle 
rapidly when a sample of mixed liquor 
was placed in the cell of the dropping 
mercury electrode. As the sludge lost 
contact with the liquid, it could no 
longer obtain oxygen, and, therefore, 
the oxygen utilization rates thus de- 
termined were not linear with time. 
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5 10 
AERATION 


TIME — HOURS 


FIGURE 1.—The B.O.D. removed—aera- 
tion time relationship for several sludge 
and B.O.D. concentrations. 


An attempt was made to overcome this 
difficulty by agitating the contents of 
the cell. This also failed because the 
mercury drops were disturbed when 
sufficient agitation was used to attain 
satisfactory suspension of the sludge, 
resulting in erratic results. Therefore, 
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the rotating platinum electrode was 
used since this method would permit 
simultaneous sludge agitation and dis- 
solved oxygen determinations. 


Laboratory Studies 


A series of batch type test runs was 
made with the 5-l. aerator using vari- 
ous sludge concentrations to determine 
the B.O.D. removed-aeration time rela- 
tionship. The results of three typical 
tests are shown in Figure 1. 

Since the data did not plot as ex- 
pected, it was replotted as shown in 
Figure 2 using the loading factor ver- 
sus the per cent reduction. For all 
practical purposes the three curves 
shown in Figure 2 are the same. De- 
viation is attributable to experimental 
error. 

Several other test runs were made 
using various concentrations of B.O.D. 
and sludge. The sludge solids and 
B.O.D. concentrations in these runs 
varied from 1,050 p.p.m. to 5,000 p.p.m. 
for the sludge and from 730 p.p.m. to 


° 
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FIGURE 2.—Laboratory relationship between applied B.O.D. load and per cent 
B.O.D. reduction. a 
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FIGURE 3.—Load factor versus average 
per cent B.O.D. reduction. 


3,600 p.p.m. for the B.O.D. The seed 
sludge used was obtained from the 
Lancaster, Pa. sewage treatment plant. 
The results of these tests are averaged 
in Figure 3. 

Since sludge disposal from full-scale 
aeration facilities would present a 
problem, the sludge build up was stud- 
ied concurrently with the B.O.D. re- 
duction studies. The average values 
of several test runs are shown in Fig- 
ure 4. 

On the basis of the results obtained 
with the 5-l. aerator experiments, the 
following factors were established: 


1. The activated sludge process was 
apparently adaptable for treat- 
ment of the Cherokee Plant 
wastes. 

A high degree of B.O.D. removal 
could be obtained with reasonable 
retention times. 

Expenditure of funds was justi- 
fied to construct a pilot plant for 
further experimentation. 


Pilot Plant Operation 


After the evaluation of the labora- 
tory 5-1. aerator data, a pilot plant 
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capable of handling wastes at rates up 
to 15 g.p.m. (Figure 5) was designed 
and installed. Both the aeration tank 
and aerobic digestor tank had capac- 
ities of 3,000 gal. each and the settling 
tank capacity was 600 gal. 

With completion of the installation 
work, the unit was seeded with 20 gal. 
of sludge and the waste was fed at a 
rate of 10 g.p.m. The treatment plant 
was operated at this rate for two weeks 
to gain familiarity with the system. 
During this time, B.O.D. reductions 
ranging from 60 to 90 per cent were 
obtained with no attempt made to 
control the process. 

An intensive 24-hr. study was started 
to obtain necessary data for full-scale 
plant design. This study was divided 
into three separate runs utilizing vari- 
ous feed rates and retention times. 
The various manufacturing process 
wastes were sampled at 2-hr. intervals 
during the study, but the results shown 
(Table I) are reported as daily aver- 
ages. 

It will be noted that in Run No. 2, 
slightly better reduction was obtained 
than in Run No. 1, although the reten- 
tion time was halved and the strength 
of the waste fed was increased almost 
18 per cent. This increased efficiency 
was due to the higher aerator sus- 
pended solids content carried in Run 
No. 2. This is evidence of the adapt- 
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FIGURE 4.—Sludge build up versus 
aeration time expressed as p.p.m. suspended 
solids increase. 
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TANK No.2 
(AEROBIC DIGESTER) 


AIR 
ROTAMETERS 


AIR SUPPLY 


Feed 


WEIR EFFLUENT 
BOX 


FEED 
ROTAMETER 


Sludge Return 


m 


SLUOGE 
TANK No.1 RECYCLE PUMP 
(AERATOR) 


FIGURE 5.—Flow diagram of the activated sludge pilot plant. 


TABLE I.—Activated Sludge Pilot-Plant Data 


Retention B.O.D. Aerator Oxygen 
Air Flow B.O.D. Solids 


(hr) (e.f.m.) (p.p.m.) Utilization 


(p.p.m.) (p.p.m. /hr.) 


Run No. 1 


2,065 
1,785 
931 
936 
1,429 


Run No. 2 


3,157 
1,157 
1,790 
2,726 
1,684 


Run No. 3 


3,157 
2,510 
1,929 
2,532 
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Air 
Agitator 
Sludge Return 
| | 
Excess 
FEED 
PUMP 
| 
8.9 5 43 89 3,276 44 
7.9 5 43 88 2,750 35 al \ 
6.1 5 43 83 2,093 31 
i 6.4 5 43 90 2,604 37 
7.3 5 43 88 2,680 37 
7.9 2.5 89 91 3,125 53 
8.4 2.5 68 93 3,488 89 
7.9 2.5 76 93 4,408 89 
8.2 2.5 89 87 4,592 199 
8.1 2.5 74 91 3,903 108 
6.5 2.5 89 53 2,056 135 a 
6.2 2.5 96 50 1,780 169 a 
6.8 2.5 96 63 1,827 125 we] * 
6.5 2.5 94 57 1,888 143 | 
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FIGURE 6.—Removal rate for laboratory 
and pilot-plant B.O.D. loadings. 


ability of the process to varying loads 
by controlling the aerator suspended 
solids. 

In these three runs, it was demon- 
strated that an operationally stable 
activated sludge could be maintained, 
using all the wastes from the manufac- 
turing facilities. The only modifica- 
tion to the raw waste during this pe- 
riod of operation was to maintain a pH 
value between 6 and 8. Additional 
data taken at various times after this 
experimentation period have shown the 
same general results during an opera- 
tional period of several months. 

The effect of temperature on the sys- 
tem has not been fully evaluated, al- 
though it was demonstrated that a 
temperature of about 20° C. could be 
maintained in the exposed aeration 
tank during the winter. 

The process was shown to be con- 
trollable and several degrees of treat- 
ment could be obtained. The low 
B.O.D. reduction shown in Run No. 3 
was the result of a deliberate effort to 
obtain data in the lower efficiency 
ranges by reducing the aerator sus- 
pended solids and increasing the B.O.D. 
loading at low retention times, and does 
not represent failure of the system. 


Evaluation of Data 


The efficiency and degree of treat- 
ment of wastes by the activated sludge 
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process is a function of: (a) aeration 
time; (b) the solids concentration in 
the aerator (volatile suspended solids) ; 
and the B.O.D. concentration of 
the waste. This relationship is demon- 
strated graphically by plotting the 
loading factor versus the removal rate 
(Figure 6). In continuous operation, 
since the sludge recyele rate must be 
considered, this loading factor becomes 


24 La 
MLVSS X X (1 +7) 
per cent removal 


versus 


in which: 


La = B.O.D. applied (p.p.m.) ; 

MLVSS = aerator volatile suspended 
solids (p.p.m.) ; 

T;, = aerator retention time (hr.) ; 

r = sludge recycle ratio. 


F'rom the curve obtained with this 
graphical relationship (Figure 7), it is 
possible to predict the performance of 
the activated sludge process for any 
given set of conditions of suspended 
solids, retention time, or B.O.D. load- 
ing. Furthermore, it is possible, with- 
in limits, to establish these conditions 
to produce any desired degree of 
treatment. 

Two other important relationships in 
the evaluation of the activated sludge 
process are shown in Figures 8A and 


BOD REDUCTION— % 


45 6 
24 Le 
MLVSS « Th x(i+r) 
FIGURE 7.—B.0.D. reduction and 
loading relationship. 
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FIGURE 8.—Activated sludge process relationships. Figure 8A represents sludge 
produced versus B.O.D. removed. Figure 8B represents oxygen consumed versus B.O.D. 


removed. 


8B. These graphs show the relation- 
ship between the pounds of B.O.D. re- 
moved and the oxygen used or the 
sludge produced. When the pilot-plant 
data were analyzed for the preparation 
of Figure 8A, they failed to agree with 
known plant operational data and did 
not balance properly on ecaleulation of 
the theoretical material balance. 

It was believed that the sludge bulk- 
ing, the inadequate measurement of 
sludge withdrawal and the inherent 
diffieulty of taking sludge inventory in 
the system caused an error of such 
magnitude that the sludge production 
quantities derived were useless for 
computation. Hence, the production 
values obtained from the laboratory 
aerator data were used for the deriva- 
tion of Figure 8A. The basis for this 
data was shown previously in Figure 4. 

The principal basis for the design 
and the operating characteristics of an 
activated sludge treatment plant are 
revealed by the data presented in Fig- 
ures 7 and 8. 


Aerobic Digestion 


Sludge, produced as a result of 
B.O.D. removal by biological methods, 
creates a major disposal problem. 


Among the standard methods of sludge 
disposal are: (a) filtration and in- 
cineration, and (b) anaerobic digestion. 

The filtration and incineration of 
raw sludge was investigated, and re- 
jected because the sludge was difficult 
to filter and incineration was an ex- 
pensive method of solids destruction. 
Anaerobic digestion was attempted but 
proved unsatisfactory when the rate 
of decomposition of solids was deter- 
mined to be too slow for practical ap- 
plication. In addition, the foul, putre- 
faetive odors from this method might 
create an atmospheric pollution prob- 
lem. 


Because of endogenous respiration, . 


aerobic digestion was considered as a 
partial answer to the solids disposal 
problem. Experimentation performed 
on aerobic digestion of settled sludge 
demonstrated that in six days of diges- 
tion a substantial destruction of solids 
and B.O.D. was obtained. The remain- 
ing solids were stable and produced no 
odor after standing for several weeks. 

When the per cent solids reduction 
versus time in days is plotted (Figure 
9), it may be predicted that with the 
aerobic digestion of the sludge a 55 to 
60 per cent reduction of solids may be 
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FIGURE 9.—Aerobic digestion of sludge. 


obtained in 4 to 6 days. On the basis 
of these experiments, the volatile sus- 
pended solids were reduced 25 per cent 
per day and the oxygen utilization rate 
was 14 p.p.m. per hour per 1,000 p.p.m. 
of volatile solids. 


Design Basis 


Before any design work could be 
started on the waste treatment facil- 
ities, it was necessary to determine the 
anticipated flow and B.O.D. loading. 

If the problem under investigation 
is a new waste treatment plant with no 
background of operating experience, 
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the flow and B.O.D. loading can be 
determined only by careful estimate. 
However, if a fairly long, stable op- 
erating record is available, the deter- 
mination of these factors is fairly sim- 
ple. Let it be assumed that the latter 
case applies. 

The first step is to prepare probabil- 
ity charts for the waste volume, B.O.D. 
load in pounds, the B.O.D. coneentra- 
tion, and any other known factors af- 
fecting the treatment plant design. 
These charts (Figures 10, 11 and 12) 
would be based on the analysis of past 
manufacturing plant performance at 
various production levels. In selecting 
flow and B.O.D. load values for the 
design of the waste treatment plant, 
the 90 per cent probability values were 
used rather than average values, since 
averages do not indicate a true picture 
of the frequency and magnitude of the 
variations. 

The 90 per cent probability values of 
load and flow, give the following basic 
treatment plant design criteria: 


Volume of raw wastes (Q) = 0.840 
m.g.d. 

B.O.D. discharge to receiving stream 
= 4,000 lb./day (assumed). 


12 10 
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% of time N equals or is less than value shown 


FIGURE 10.—Probability chart of waste flow based on six months of operation. 
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FIGURE 11.—Probability chart of waste load (B.O.D.) based on six months of operation. 


N equals BOD, 100 ppm, 


— 
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% of time N equals or is less than value shown 


FIGURE 12.—Probability chart of waste concentration (B.O.D.) based on six months 
of operation. 
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B.O.D. load = 13,500 lb./day. 

Settled sludge return (8S, = 6,000 
p.p.m. (pilot plant data). 

Mixed liquor suspended solids (S,) 
= 2,500 p.p.m. (for design pur- 
pose ). 

Mixed liquor volatile suspended 
solids (MLVSS) = 2,250 p.p.m. 
(pilot plant data). 

Waste concentration (Z,) = 1,900 
p.p.m. 

This criteria is based on a 70.5 per cent 
B.O.D. removal by the waste treatment 
facilities. 


Design Calculations 


1. Aeration Tank Volume 


From Figure 7, to obtain a 70.5 per 


cent reduction, 


24 La a 
MLVSS XT, X (1 +r) 


The recycle ratio (r) equals 
Sa 2,500 
Sr — Sa 6,000 — 2,500 
= 0.715 (2) 


Solving Eq. 1 for 7 


241,900 
2,250 X T,X 


5.5 


24 X 1,900 
2,250 X 5.5 & 1.715 


Th = 2.15 hr. 


The total flow is 


Q+ (Q = .84 
+ (.84 X .715) = 1.44 m.g.d. 


Then, the aeration tank volume is 
1.44 m.g.d. X 694 g.p.m. X 60 min. 
X 2.15 hr. = 128,900 gal. 


2. Air Requirements 


From Figure 8B the pounds of 
oxygen required per day = .35 
X pounds of B.O.D. removed + 0.2 
x pounds MLVSS. In which 


.35 = slope of the curve and 
2 Y intercept. 


Then the oxygen required per day 
= (0.35 X 9,500) + (.2 x 2,450) 
= 3,810 lb./day. 


N equals oxygen ufilization rate, ppm/ hour 


S t© 209 30 40506070 80 90 95 98 99 99.9 9999 
% of time N equels or is less thon vaiue shown 


FIGURE 13.—Probability chart of oxygen utilization rate based on pilot-plant data. 
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The oxygen utilization rate equals 


Oxygen per day (Ib.) 
V X 8.34 X 24 hr. 
3,810 
~ .129 X 8.34 X 24 
= 147 p.p.m./hr. (3) 


This oxygen uptake rate is equal 
to the 83 per cent probability rate for 
oxygen utilization as shown in Figure 
13, which demonstrates that the 
calculated rate and experimental rate 
are in good agreement. 


. Sludge Produced 


In calculating the amount of sludge 
produced, the 50 per cent probability 
values will be used because only the 
sludge produced by the average 
amount of waste will be withdrawn 
each day. A 90 per cent B.O.D. 
reduction will be obtained with an 
8,000 lb. per day loading. 

Pounds B.O.D. removed = 8,000 X 


.90 = 7,200 lb per day. 
From Figure 8 A the pounds of vola- 
tile solids per day = .77 X pounds 


B.0.D, 
MLVSS. 


In which, 


.77 = slope of curve and 
2 Y intercept. 


removed — .2 X pounds 


Then the volatile solids = .77 X 
7,200 — .2 X 2,450 = 5,060 Ib. 
The total sludge produced = ve 


= 5,630 Ib. per day (dry basis). 


4. Aerobic Digestion Tank Volume 


Material to digestor totals 5,630 lb. 
of 0.6 per cent solids as a slurry 
from the settling tank. 

A 5-day retention time is assumed. 


5,630 
Then, “006 = 938,000 Ib. per day of 
slurry = 112,500 gal. per day. 
The aerobic digestion tank volume is 


112,000 gal. per day X5 days 
= 563,000 gal. 
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5. Air Requirements for Aerobic Di- 
gestion 


From Figure 9, five days retention 
will give a 59 per cent reduction in 
volatile solids, resulting in 2,980 Ib. 
of volatile solids oxidized. 


During the pilot-plant studies, the 
sludge chemical oxygen demand and 
the volatile solids relationship was 
established as shown in Figure 14. 
From this curve it may be calculated 
that 1 lb. of volatile solids is equal to 
1.34 lb. of oxygen. It is reported in 
the literature that 1 lb. of volatile 
solids is equivalent to 1.4 lb. of oxygen. 
On this basis therefore, the oxygen re- 
quirement for the aerobic digestion is: 
2,980 lb. of volatile solids x 1.4 = 4,180 
lb. of oxygen per day. 


Conclusions 


It is the opinion of the authors that 
the activated sludge process is quite 
superior to the other methods of treat- 
ment investigated for this type waste. 
Good B.O.D. reductions were obtained, 
and the process proved to be consistent 
in operation. The sludge recovered 
quickly to a high degree of efficiency 
after attempts were made to poison it 
with known toxic substances. 

The operation of the treatment proe- 
ess was not difficult. Nontechnical per- 


MIXED LIQUOR VOLATILE SOLIDS~ 1000 


VOLATILE SUSP. SOLIDS COD - 1000 » 
LIQUOR COD ~ EFFLUZHT 6.0.9.) 


FIGURE 14.—Relationship between the 
C.O.D. of the volatile suspended solids and 
the mixed liquor suspended solids based on 
pilot-plant data. 
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sonnel learned the basic principles of 
operation within a few weeks. Tech- 
nical supervision was required, but the 
responsibility for 24-hr. operation could 
be delegated to the nontechnical fore- 
men. Therefore, from the standpoint 
of ease and efficiency of operation, the 
activated sludge process was the best 
answer found for the fine chemical 
waste disposal problem at the Cherokee 
Plant. 
Acknowledgments 


The authors express their sincere ap- 
preciation for the assistance and en- 
couragement furnished by: J. N. Mil- 
lar, Cherokee Plant Manager; Dr. R. 
A. Hoffman, Cherokee Research Man- 
ager; J. Lago, Research Chemical En- 
gineer; R. G. Zimmerman, Staff Engi- 
neer; J. H. Morris, Central Engineer- 


SEWAGE AND INDUSTRIAL WASTES 


February, 1956 


ing Division; F. E. Reimers, Central 
Research Division and the several lab- 
oratory technicians who worked on the 
project. 


References 


1. Reimers, F. E., Rinaca, U. S., Poese, L. E., 
‘*Trickling Filter Studies on Fine 
Chemical Wastes.’’ THis JOURNAL, 
26, 1, 51 (Jan., 1954). 

. Poese, L. E., Private 
(1954). 

(1954). 

. Porges, N., Pepinsky, J. B., Hendler, N. 
C., and Hoover, 8. R., ‘‘ Biochemical 
Oxidation of Dairy Wastes. I. Meth- 
ods of Study.’’ THis JOURNAL, 22, 3, 
318 (Mar., 1950). 

5. Seaman, W., and Allen, W., ‘‘ Polarographie 
Determination of Dissolved Oxygen in 
Water Containing Industrial Effluent.’’ 
THIS JOURNAL, 22, 7, 912 (July, 1950). 


communication 


Private communication 


AWWA NEWS 


The American Water Works Association, friendly allies of 
hydrowasters, recently announced officer nominations and honors 
for 1956. 

Nominated for 1956 president was Paul Weir, General Man- 


ager, Atlanta Water Works, Atlanta, Ga. 
serving as Vice-President of AWWA. 


Mr. Weir is presently 
Professor Fred Merryfield, 


Sanitary Engineering Professor, Oregon State College, Corvallis, 


( yre., 


received the nomination for Vice-President. 


Continuing as 


treasurer and secretary, respectively, are William W. Brush and 


Harry E. Jordan. 


William John Orchard, an active participant in AWWA and 
Federation activities, was elected to receive the Harry E. Jordan 


Achievement Award. 


Not an annual selection, this award has 


been conferred only once before, on Abel Wolman in 1952. 


A Moving Date 
On or about April 1, 1956, AWWA headquarters will be moved to: 


2 Park Avenue 
New York 16, N. Y. 
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Stream Pollution 


New Jersey municipalities and in- 
dustries are spending a total of ap- 
proximately $250 million in their cur- 
rent construction programs for sewage 
collection and treatment and indus- 
trial waste treatment. The word ‘‘eur- 
rent’’ is used in this-instance to de- 
seribe construction which has been com- 
pleted within’ the last two years or 
which, in all probability, will be eom- 
pleted within the next three years. 
Sewerage authorities, relatively new in- 
struments of government, are respon- 
sible for more than 50 per cent of the 
current construction program in New 
Jersey. 

The current construction program 
has reached its high level despite the 
fact that already there are more than 
400 treatment plants, including more 
than 100 industrial waste treatment 
plants, in the State. The impetus for 
the program is derived from 4 prin- 
cipal facets of the stream pollution 
control problem in New Jersey. 


Reasons for Program 


First, it is significant that more than 
30 per cent of the sewage treatment 
plants in New Jersey were constructed 
prior to 1920. More than 50 per cent 
of the sewage treatment plants are 
more than 25 years old. Also, more 
than 50 per cent of the industrial waste 
treatment plants are more than 15 
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years old. These statistics show that 
in the period following World War II 
New Jersey found itself with a large 
number of overloaded and antiquated 
sewage and industrial waste treatment 
plants. 

A second significant facet of the 
problem is population density of New 
Jersey, which is second only to that of 
Rhode Island. This condition has 
obliged the State Department of Health 
to require more intensified sewage treat- 
ment methods in locations where lesser 
degrees of treatment formerly were 
considered adequate. 

A third significant facet, at least in 
terms of treatment plant numbers, has 
been the widespread adoption of small 
‘*nackage’’ treatment plants and mini- 
ature conventional plants to serve 
realty subdivisions, in and beyond the 
fringe areas. It has become a trend 
in the larger subdivisions in New 
Jersey to construct sanitary sewers 
and sewage treatment plants in pref- 
erence to individual home sewage dis- 
posal facilities. 

A fourth facet of the problem, and 
a phase of tremendous significance, has 
been the construction of treatment 
plants to discharge into interstate wa- 
ters. This phase of the program de- 
rived impetus from the Interstate 
Commission on the Delaware River 
Basin, better known as Ineodel, and 
from the Interstate Sanitation Com- 
mission operating in the New York 
City metropolitan area. Little prog- 
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ress was possible and little was accom- 
plished in these interstate areas until 
Incodel and the Interstate Sanitation 
Commission were established. 


Sewerage Authority Authorization 


In order to provide a concept of how 
sewerage authorities have fitted into 
the stream pollution control problem 
in New Jersey, a brief review of high- 
lights of the general sewerage author- 
ities law of the State is necessary, It 
should be made clear that the term 
“sewerage authority’’ does not encom- 
pass such organizations as the Passaic 
Valley Sewerage Commissioners, or the 
many joint meetings which are operat- 
ing in the sewerage field in New Jersey. 
The latter agencies were predecessors 
to sewerage authorities in this State. 
They were, within limits, endeavors of 
government to accomplish some of the 
purposes of sewerage authorities. 

The general sewerage authorities 


law in New Jersey is known as Chap- 


ter 138 of the Laws of 1946. It was 
enacted to extend and implement the 
State policy established in 1899 toward 
relief of waters of New Jersey from 
pollution. The law seeks to accomplish 
its purposes by authorizing the crea- 
tion of sewerage authorities empowered 
to provide sewerage services at the 
expense of users without increasing 
the burden of general taxation. 

A sewerage authority is an agency of 
government representing one munic- 
ipality or a part thereof, two or more 
contiguous muncipalities, a county or 
a part thereof. Sewerage authorities 
are created by local, county or munic- 
ipal government. When more than 
one municipality is involved, an au- 
thority is created by the concurrent 
action of the interested municipalities, 
or by the action of county government. 
Once created, sewerage authorities are 
empowered to operate as independent 
agencies of government. 

In the language of the law a sewerage 
authority is a ‘‘publie body politic and 
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corporate’’ constituting a political sub- 
division of the State, established as an 
instrumentality exercising public and 
essential governmental functions to 
provide for the public health and wel- 
fare. An authority may sue and be 
sued. An authority may acquire, hold 
and use, and dispose of service charges 
or other revenues. It may acquire by 
purchase, gift, condemnation or other- 
wise real property and easements nec- 
essary or useful for its purposes. It 
may provide for and secure the pay- 
ment of any bonds and the rights of the 
holders thereof. It may enter into 
contracts for the purposes of the 
authority. 


Financial Details 


A sewerage authority is authorized 
to charge and collect rents, rates, fees 
or other charges usually referred to as 
service charges. The law establishes 
limitations within which an authority 
must work in establishing rate sched- 
ules. The law requires that service 
charges be as nearly uniform as prac- 
ticable throughout the district served 
for the same type and amount of serv- 
ice. The law also establishes various 
means for setting up rate schedules. 

The most significant provision of the 
law in relation to charges is the re- 
quirement that the revenues of a sew- 
erage authority will at all times be 
adequate to pay all expenses of opera- 
tion and maintenance of the sewage 
system including reserves, insurance, 
extensions and replacements; to pay 
punctually the principal and interest 
on any bonds; and to maintain such 
reserves or sinking funds therefor as 
may be required by the terms of any 
contract of the sewerage authority, or 
as may be deemed necessary or desir- 
able by the sewerage authority. The 
law also makes provision for the revi- 
sion of service charges from time to 
time as deemed necessary. 

It is important to note that the bonds 
issued by a sewerage authority do not 


ry 
= 
| 
| 
| 


Vol. 28, No. 2 


constitute in any way a debt or liabil- 
ity of the State or any unit of local 
government. Sewerage authorities are 
not permitted to incur any indebted- 
ness on behalf of the State or any 
county or municipality. 


Powers of an Authority 


After a sewerage authority has been 
created, no sewage disposal plant or 
other facilities for the collection, treat- 
ment or disposal of sewage arising 
within the district of the authority 
may be constructed without the ap- 
proval of the authority. Sewerage au- 
thorities also are granted police powers 
over stream pollution within their dis- 
trict. They share these powers with 
the State Department of Health. 

The foregoing brief summary of the 
provisions of the sewerage authority 
law omits many technical details re- 
quired to establish a sewerage author- 
ity. Perhaps the most significant con- 
clusions to be drawn from this sum- 
mary are that sewerage authorities are 
agencies of government, and that they 
represent delegation of authority by 
local, county or municipal government 
in the sewerage field. 


Political Considerations 


The sewerage authorities law was 
borne of economic and political ex- 
pediency. The local tax burden had 
become great, and legal debt limits 
had been approached or exceeded in 
many municipalities; thus it was 
deemed advisable by fiscal authorities 
that some means should be provided for 
establishing, operating and maintain- 
ing sewerage facilities on a fiscal basis 
independent of other local government 
services. 

Obviously there also were political 
implications involved. During the late 
1930’s and early 1940’s the State De- 
partment of Health in New Jersey was 
very active in exercising its police 
powers in stream pollution control. It 
was during the latter part of this pe- 
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riod that activity was started in the 
interstate area. Actions brought by 
the State Department of Health and 
the interstate agencies obligated local 
government and industry, immediately 
after World War II, to proceed with 
the design and construction of ade- 
quate sewage and industrial waste 
treatment facilities. 

In some areas of the State, joint ac- 
tion by local governments and industry 
was indicated. Such joint action in- 
volved from 2 to 50 or more munic- 
ipalities in various situations. This ob- 
viously led to political problems and 
furthered consideration of legislation 
such as the Sewerage Authorities Law. 
It is generally recognized by those fa- 
miliar with joint action by local govern- 
ments, that difficulties are encountered 
in securing concurrent action for joint 
municipal projects. Obviously the 
problem becomes much greater as the 
number of municipalities involved in- 
creases. The Sewerage Authorities 
Law was designed to facilitate opera- 
tion in such joint action. Once created 
a sewerage authority is empowered to 
proceed with the solution of a sewerage 
problem independent of the various lo- 
cal governments which may have been 
involved in its creation. 


New Jersey Experience 


What has been the New Jersey ex- 
perience with sewerage authorities? 
Have they been a success? Are they a 
good idea? Will they endure? It is 
too early, undoubtedly, to provide con- 
clusive answers to all these questions. 
Some indications, however, seem clear 
from brief experience. 

There are approximately 30 sewer- 
age authorities operating in New Jer- 
sey today. The majority of these au- 
thorities represent one municipality or 
a part thereof. Others represent sev- 
eral municipalities, or large segments 
of whole counties involving 50 or more 
municipalities. There has been but one 
instance of the abandonment of a sew- 
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erage authority, and this was in one 
of the smaller municipalities of the 
State. 

As indicated earlier, sewerage au- 
thorities have been successful in insti- 
tuting within only a few years sewer- 
age construction in New Jersey costing 
more than $125 million. Much of this 
progress has been made possible be- 
cause of the facility of a sewerage au- 
thority in accomplishing its ends with 
a minimum of political interference 
and a minimum of red tape. The Sew- 
erage Authorities Law has made it pos- 
sible for truly interested local citizens 
to accomplish sewerage projects in a 
relatively short time. It might also 
be said that the law has made it pos- 
sible for elected local officials to relieve 
themselves of many of the burdens in- 
volved in sewerage projects, by delegat- 
ing the work to another agency. 

Nothing has been accomplished by 
authorities that could not 
have been accomplished by established 
local government. The question of im- 
portance is, would local government 
have done the job? The New Jersey 
experience indicates that local govern- 
ment might ultimately have done the 
same job, but undoubtedly many more 
years would have been required to 
accomplish it. 

The case against sewerage authorities 
to date appears to be somewhat as 
follows: 


sewerage 


1. Sewerage authorities represent an 
undue delegation of authority to a rela- 
tively independent agency, and to some 
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degree represent a departure from 
strictly democratic government. 

2. Sewerage authorities can be and 
in some instances undoubtedly have 
been. expensive. The interest rate on 
sewerage authority bonds sometimes 
may be higher than would have pre- 
vailed in the instance of municipal 
financing, because of the fact that the 
eredit of the municipality or other 
local government unit is not involved 
in authority bond issues. 

3. Sewerage authorities may deny 
the extension of their services if they 
believe such extension to be econom- 
ically unsound, even though it might 
be indicated as desirable for the gen- 
eral welfare. 


Whether or not sewerage authorities 
endure probably primarily 
upon the qualifications of the member- 
ship of authorities, and the members’ 
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determination to manage sewerage fa- 
cilities in a business-like manner. 
There are some who believe that it is 
only a matter of time before appoint- 
ment to a sewerage authority will be 
dependent solely on political 
loyalty. If this situation should de- 
velop, a short life must be anticipated 
for the sewerage authority movement. 
Fortunately, there is to date much in- 
dication of active interest in sewerage 
authorities by citizens of the highest 
ealibre. If this situation prevails there 
is no reason to doubt that the sewerage 
authority movement will continue to be 
a real success in New Jersey. 
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JANUARY 1955 JOURNALS NEEDED 


The increased growth of the Federation is reflected in the short supply of 


Journal back numbers. 


Recently the supply of the January, 1955 issue of 


SEWAGE AND INDUSTRIAL Wastes became depleted. 
Back numbers are urgently needed to fill orders from foreign libraries and 


schools. 


The Federation is authorized to purchase listed issues at $0.50 per 


copy and to reimburse the sender for the necessary postage charges. 
Send extra or unwanted copies of the January, 1955 issue to: 


Federation of Sewage and Industrial Wastes Associations 
4435 Wisconsin Avenue, N. W. 
Washington 16, D. C. 
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The original study of oceanography 
in Alberni Inlet was conducted by 
Tully (1) to predict the effect of pulp 
mill effluent discharge on the biotic en- 
vironment of the inlet. The results of 
this study prompted industry to recon- 
sider the process to be used in their 
pulp production. In place of the sul- 
fite mill originally planned, from which 
it was evident a high degree of pollu- 
tion would be discharged during the 
summer months, the company installed 
a sulfate (Kraft) mill. Since 1948, 
this mill has been discharging wastes 
from a preduction of up to 230 tons 
per day into the head of Alberni Inlet 
at the estuary of the Somass River. 
Following the first months of opera- 
tion, water samples taken at a few stra- 
tegic points showed no deficiency of 
dissolved oxygen (2). No complete 
survey of the inlet waters was made 
at that time. 

A new management announced its 
intentions to expand the mill to a 
capacity of 500 tons per day of un- 
bleached Kraft pulp and 500 tons of 
newsprint (mainly groundwood). It 
was desirable, therefore, to observe the 
effects of the discharge from the exist- 
ing mill on Alberni Inlet water in or- 
der to predict the effect of the effluent 
from the planned expansion. This pa- 
per presents some of the results and 
considerations of the survey conducted 
in September, 1954. 

Situated on the west coast of Van- 
couver Island, Alberni Inlet is con- 
nected to the Pacifie Ocean by Barkley 
Sound. The harbor is relatively shallow 
with a maximum depth of 19 fathoms 
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(114 ft.) shoaling into extensive tidal 
flats at the north end. The Somass 
River, discharging into the northeast 
end of the harbor, has been responsible 
for the tidal flats and marshlands in 
that area through deposition of its silt 
load. The condition of the water in the 
harbor is of concern from a fisheries 
point of view, in that substantial runs 
of several species of Pacific salmon and 
sea-run trout support a small commer- 
cial fishery as well as a popular sport 
fishery. The spawning migrations of 
most of these anadromous fishes to the 
tributary rivers of the Somass River 
oceur during the period of low runoff 
in late summer, when the effects of pol- 
lution are at a maximum. 


Survey Technique 


The survey was conducted during 
the week, September 7 to 11, 1954. 
Samples for salinity, dissolved oxygen, 
pH and lignin determinations were 
taken at the surface, 6, 15, 30, 45, 60, 
90 ft., and near bottom (or at as many 
of these levels as the depth permitted). 
Sampling bottles of the Fjarlie design 
(3) were used for subsurface samples. 
Dissolved oxygen and pH determina- 
tions were carried out on board ship 
within 24 hr. after the samples were 
taken. The procedure described by 
Tully (1) for shipboard dissolved oxy- 
gen analysis was used. A Beckman pH 
meter was employed for the pH de- 
terminations. 

The nitrosolignin test for sulfite 
waste liquor, described by Pearl and 
Benson (4), was employed to deter- 
mine Kraft waste concentration as 
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lignin. A Klett-Summerson colorim- 
eter with No. 54 filter and 45 mm. eell 
was used to measure the color intensity. 
Color of the water and depth of light 
penetration were examined with a 
standard, white 30-cm. diameter Seechi 
The bottom materials in the 
harbor were checked with a sounding 
lead and tallow by the standard 
method (5). 


aise, 


The survey period normally is a time 
of small runoff, but 1954 was an 
anomalous year with precipitation all 
during the summer. Consequently, the 
Somass River discharge computed from 
the sum of Stamp and Sproat Rivers 
did not reach its usual low point of less 
than 500 e.f.s. 


Observed Characteristics 


Distribution of properties at the sur- 
face in Alberni Harbor is illustrated in 
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Figures 1 and 2. Salinities throughout 
the harbor, Figure 1, ranged from 5 
to 10 parts per thousand (%o). 

A very erudely determined distribu- 
tion of effluent in the surface water 
is shown in Figure 1. The distribution 
of effluent was characterized by patchi- 
ness. High concentrations were found 
in thin patches along the waterfront. 
Generally the high concentration was 
separated from the well diluted mix- 
ture by a foam line. The concentration 
of effluent fell off to 2 per cent at the 
surface in less than one-half mile from 
the outfall, Smaller concentrations 
could not be measured satisfactorily by 
the technique used. 

A surface oxygen distribution illus- 
trated in Figure 2 combines data ob- 
tained from regular Stations L20, 1, 2, 
3, 4, and 5 oeeupied on September 9, 
1954, with surface samples collected 
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FIGURE 1.—Salinity and pulp mill effluent in the surface water of Alberni Harbor. 
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PULP MILL POLLUTION 


OISSOLVED OXYGEN 


FIGURE 2.—Dissolved oxygen and pH values of the surface water of Alberni Harbor. 


from the area surrounding the pulp 


mill outfall on September 10. There 
was a general increase of dissolved oxy- 
gen from the outfall area seaward. 
Except in the immediate vicinity of the 
outfall, dissolved oxygen concentration 
in excess of 5.0 mg. per liter oceurred 
throughout the harbor. 

The pH value distribution shown in 
Figure 2 generally corresponded to the 
dissolved oxygen trend in the main 
part of the harbor. In the outfall area, 
however, the pH value increased as the 
concentration of effluent increased. 
The effluent reaching the sea had a pH 
of 11.3, but this rapidly decreased as 
dilution oeeurred. Sea water is a solu- 
tion of numerous buffering salts so that 
any acidic or alkaline constituents 
added are rapidly restored to near 
neutrality. Somass River water had 
a pH of about 7.5 which was generally 


lower than that of sea water. Conse- 
quently, in the area outside the outfall 
there were at least four factors which 
influenced the pH value: (a) the ef- 
fluent with a high pH; (b) river water 
with a relatively low pH; (c) oxida- 
tion of the effluent reducing the pH; 
and (d) the buffering action of sea 
water with a pH value of about 8.0. 

The vertical distribution of proper- 
ties in the harbor is shown in Figure 
3. The salinity chart, Figure 3a, shows 
the very pronounced gradient in sa- 
linity for the upper 15 ft., with a sa- 
linity at 20 ft. comparable to that of 
the deep water in Barkley Sound. The 
temperature chart, Figure 3b, followed 
a similar pattern, with a 12° F. gradi- 
ent in the upper 30 ft. Water below 
30 ft. depth, actually was cooler than 
the water at the same level in Barkley 
Sound. This suggests that the deep 
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(a) SALINITY 


OEPTH FEET 


(b) TEMPERATURE °F 


FIGURE 3.—Vertical distribution of characteristics in Alberni Harbor: (a) salinity, 
(b) temperature, (c) dissolved oxygen and (d) pH value. 


water in the inlet had not been sub- 
jected to an increase in temperature by 
thermal conduction, currents or mixing 
from the time it first entered the deep 
zone in Alberni Inlet. In the mean- 
time, the outside water had been re- 
ceiving heat to considerable depth by 
wind and tidal mixing. 


The oxygen distribution illustrated 
in Figure 3ce shows the low oxygen 
concentration in the deep water (less 
than 4 mg. per liter). Slope of the 
iso-oxys upward to the northern end 
of the harbor indicates either move- 
ment of deep water toward the sur- 
face, to replace sea water being swept 
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away by the seaward flow of fresh sur- 
face water, or a depletion of oxygen in 
a constant depth above the bottom. 

The pH distribution in Figure 3d 
shows a distinct conformity to the 
oxygen distribution, with a similar up- 
ward trend in the isopleths of pH in 
the deep water. The highest pH of 
8.0 was found at a depth of 10 ft. 
where relatively uncontaminated sea 
water occurred. 


Character of Pulp Mill Effluent 


The MacMillan and Bloedel, Lim- 
ited, pulp mill in Port Alberni pro- 
duces 230 tons of unbleached Kraft 
pulp per day with a waste discharge 
of 28,000 gal. per ton. This gives a 
total effluent discharge of 6.44 m.g.d. 
Based on its B.O.D. which has been ex- 
perimentally determined to be 150 
p.p.m. (6) the total oxygen demand of 
these wastes is 35 lb. per ton of pulp. 
In terms of a population equivalent 
given as 0.168 lb. oxygen per capita 
per day (7), this production amounts 
to the oxygen demand of 208 persons 
per ton of pulp or a total population of 
47,840 for the daily production. 

The effluent from the pulp mill flows 
in an open channel through a fairly 
extensive meadow and marshland in its 
course from the mill site to the sea, 
receiving considerable aeration during 
its turbulent flow. On reaching the 
sea the effluent is at a temperature of 
about 80° to 90° F., and is completely 
devoid of dissolved oxygen. 


Behavior of Effluent in Harbor 


The effluent flows over the sea water 
in a thin (2 to 6 in.) layer immediately 
beyond the outfall. This was apparent 
in the large temperature gradient from 
the warm surface layer (86° F.) to the 
deeper water (68° F.) which could be 
measured in the length of an ordinary 
10-in. thermometer. Mixing of this 
surface layer into the sea water occurs 
beyond a foam line region surrounding 
the outfall in a radius of about 100 
yd. 
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The foam line marks a sharp gradi- 
ent between the warm, dark brown, 
low-salinity and low-oxygen mixture 
on the outfall side and the dilute mix- 
ture approaching sea water conditions 
on the seaward side. Evidently the 
stability of the effluent on the sea 
water breaks down beyond this foam 
line boundary. Observations were 
made on an extremely calm morning 
when the sea was glassy smooth. On 
a windy day the mixing would un- 
doubtedly occur much closer to the 
outfall and the gradient would be less 
noticeable. 

Bottom materials were observed with 
sounding lead and tallow for lack of 
better sampling gear. Conditions im- 
proved rapidly away from the outfall. 
Residues from the effluent, consisting 
mainly of white chalk-like materials 
with strata of black organic substance, 
appeared to settle out into a layer 2 to 
5 ft. thick at the outfall. Beyond this 
region the bottom materials were 
largely coarse sand with gravel and 
fragments of bark. The river mouth 
showed no evidence of mill waste par- 
ticulate matter having accumulated on 
the bottom. 

The color of the water changed from 
dark brown immediately outside the 
outfall, where the Secchi dise could be 
seen only to a depth of 1 ft., to a 
brownish-green in the middle of the 
harbor (with a Secchi dise reading 
of 19 ft.). In the saw mill and log 
boom area the water had a reddish- 
brown tinge. The improvement of 
water color and light penetration was 
rapid outside the foam line. 


Discussion and Summary 


There is no oxygen shortage in the 
surface water of Alberni Harbor ex- 
cept in the immediate vicinity of the 
pulp mill sewer outfall. The recom- 
mendation of Tully (1) to maintain 
the sewer discharge at the surface 
seems to have been a good one, inas- 
much as advantage is taken of the 
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seaward flow, high dissolved oxygen in 
the surface water, as well as wind 
aeration. Deep water is already de- 
pleted of oxygen and would not sup- 
port much oxidation of foreign ma- 
terial. 

On the basis of work by Tully (1) 
the daily oxygen provided by the fresh 
water and sea water mixed in the up- 
per zone at the discharge of the Somass 
River during the survey (1,245 c.f.s.) 
is 100,000 lb. The oxygen required for 
effluent oxidation is 8,000 lb., leaving 
92,000 lb. in the water. This amounts 
to an average of 6.8 mg. per liter when 
spread over the entire harbor, a good 
check with the observed results and 
well on the safe side for fish require- 
ments. Although the survey was con- 
dueted during the period of normally 
low Somass River discharge, the 1954 
season cannot be considered as repre- 
sentative. Ordinarily much lower dis- 
charges are met during this period and 
far less oxygen is available. 

Variations in pH are too small to be 
of any consequence to the fish. The 
buffering capacity of sea water main- 
tains the pH close to 8.0 at all times. 
Only in the region of high effluent con- 
centration and low dissolved oxygen 
were pH values much in excess of 8. 
It has been established that a tolerable 
pH range for most fish is 5.0 to 9.0 
(8). 

Observations of mill waste concen- 
tration have borne out results reported 
on model experiments using dye as a 
tracer (1)(9). The midharbor area 
in the path of the jet stream from the 
Somass River appears to be well 
flushed and relatively free of pollutant. 
Northwest and northeast corners of 
the harbor, however, are occupied by 
back eddies which tend to accumulate 
and stagnate the effluent. 

It can be generally concluded that 
there is no serious condition of pollu- 
tion in Alberni Harbor at the present 
time from a fisheries point of view. 
The possibility does remain, however, 
that it is the toxicity of the effluent in 
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high concentration and not just its 
oxygen demand which may be of pri- 
mary concern after expansion of the 
pulp mill. 

Dissolved oxygen concentration and 
pH are normal everywhere except in 
the immediate vicinity of the mill 
sewer outfall. Discharge of mill wastes 
at the surface of the inlet instead of at 
depth prevents further depletion of the 
oxygen in the deep water already low 
in oxygen content as a result of natural 
causes. Concentration of the pulp mill 
effluent was quite high in the surface 
water at the mouth of the Somass 
River. This situation is probably too 
short-lived, occurring only on the flood 
tide and during calm weather, to be of 
any consequence to the fishery. 
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Report No. 25 (1952). (1953). 


MEETINGS OF INTEREST 
1956 


United States-Mexico Border Public Health Assn., Calexico, 
Calif.—Mexicali, Baja, Calif. Fourteenth Annual Meeting. Sid- 
ney B. Clark, M.D., Secretary, 243 U. S. Court House, El Paso, 
Texas. 


Western Public Works Conference, Oakland, Calif. General 
Chairman, John A. Morin, City Engineer, City Hall, Oakland, 
Calif. 

Ninth Municipal and Sanitary Engineering Conference, Univer- 
sity of Florida, Gainesville, Fla. Dr. E. R. Hendrickson, College 
of Engineering, University of Florida, Gainesville, Fla. Confer- 


ence theme—Atmospheric Pollution. 

May American Water Works Association Diamond Jubilee Confer- 
ence, St. Louis, Mo. Harry E. Jordan, Secretary, AWWA, 
2 Park Ave., New York 16, N. Y. 

May 15-17 11th Purdue Industrial Waste Conference, Purdue University, 
Lafayette, Ind. Professor Don E. Bloodgood, School of Civil 
Engineering, Lafayette, Ind. 

June 4-8 American Society of Civil Engineers, Knoxville, Tenn. 

June 18-22 Gordon Research Conference on Stream Sanitation, Kimball 
Union Academy, Meriden, N. H. Dr. W. George Parks, Director, 
Gordon Research Conferences, University of Rhode Island, 
Kingston, R. I. Applications necessary by April 1; conference 
limited to 100 persons. 

June 18-23  Bioxidation of Organic Wastes, Manhattan College, New York, 

and 25-30 N. Y. Assistant Professor W. Wesley Eckenfelder, Civil Engi- 
neering Dept., Manhattan College, New York 71, N. Y. Special 
course limited to 18 persons at each of two sessions. Registra- 
tion fee $150. 


Apr. 15-17 

Apr. 17 -18 


SLIME FORMATION IN SEWAGE * 


III. Nature and Composition of Slimes 


By H. HEUKELEKIAN AND E. S. Crossy 


Rutgers University, New Brunswick, N. J. 


Editor’s Note: The third and final section of this paper comprises a report on the 
physical, chemical and biological composition of slime growths developing on surfaces 


submerged in sewage and in polluted waters. 


Parts I and II appeared in the December, 


1955 and January, 1956 issues of THIS JOURNAL. 


Physical and Chemical 
Characteristics 


The gross appearance of slime 
growths that developed on surfaces 
submerged in sewage generally was 
very similar. During primary film 
formation (the first 3 to 5 days), 
slimes usually were brown or greyish- 
brown in color. In aerobic environ- 
ments the slimes remained brown or 
became green, due to algae growth. 
Few algae developed in slimes sub- 
merged in sewage, even in the open 
channel, because insufficient light 
penetrated through the sewage. 

When the slime growths became 
thick, their color was greyish-black or 
black, both in aerobic and anaerobic 
environments; but in aerobic situations 
their surface appeared greyish to white, 
due to large numbers of stalked colonial 
protozoa. The color of the slimes ap- 
peared to vary with the dissolved oxy- 
gen content of the environment in 
which they formed. A high dissolved 
oxygen content appeared to be asso- 
ciated with brown slimes, and a low 
dissolved oxygen content or oxygen 
deficiency with growths grey to black 
in color. 

Slimes submerged in sewage always 
were watery in consistency containing 
little of the filamentous material or 
matted growths usually found in trick- 
ling filters. The types and consistency 


* Paper of the Journal Series, New Jersey 
Agricultural Experiment Station. 
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of slime growths appeared to be related 
to the concentration of the medium 
in which the growths developed. 
Abundant and watery slimes, which 
readily sloughed off, were character- 
istic of all growth in liquids high in 
B.O.D. value; while dense, readily ad- 
hering slime growths were more char- 
acteristic of growth in liquids low in 
B.O.D. value (as in the receiving 
stream ). 

The odor of slimes was generally sim- 
ilar to that of the medium in which 
they formed. Slime films tended to 
become increasingly septic or foul in 
odor as they became older and thicker. 

The moisture and ash content of 
slime samples was determined. Field 
samples of slime growths were used, 
since laboratory growth rates were too 
slow to develop sufficient quantities of 
slime for analysis. The moisture and 
solids values of slimes from four types 
of test plates, immersed for periods up 
to 56 days in the primary clarifier efflu- 
ent channel, are summarized in Table 
I, These results show that the mois- 
ture content was similar for 20 samples 
of slimes from concrete, glass, glazed 
tile and transite surfaces. These values 
ranged from 91.3 to 97.0 per cent mois- 
ture and 19.4 to 32.9 per cent ash in 
the dry solids, the average values being 
94.7 per cent and 24.1 per cent, re- 
spectively. 

A comparison, Table II, of the mois- 
ture and ash contents of slime films 
grown under aerobic and anaerobic 
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TABLE I.—Moisture and Solids Content of Slimes 
Growth Under Aerobic Conditions 


Test Plate Material 


Days 


Concrete 
Immersed 


Tile 


(%) (%) 


Moisture 
Jo) 


Moisture 


(%) (%) (%) (%) 


97.0 21.0 
13 95.3 20.6 95.5 
20 94.3 26.0 93.5 
27 95.0 24.4 94.0 
94.0 


95.1 


25.4 


96.5 . 
19.6 95.4 19.4 95.1 21.0 
21.6 93.9 32.7 91.3 31.0 
25.8 94.3 21.2 94.5 21.6 
95.3 


1 Ash, per cent of dry solids. 


conditions on concrete surfaces shows 
similar results, except that ash content 
was somewhat lower in the anaerobic 
environment than in the aerobic en- 
vironment. Considéring the variations 
found in a large number of analyses of 
slimes grown on test plates, no sig- 
nificance can be attached to the differ- 
ences between aerobic and anaerobic 
environments. 

The results of a typical analysis of a 
slime film formed on a surface sub- 
merged for a period of 20 weeks in 
settled sewage, are given in Table ITI. 
These data show that the moisture and 
solids contents were similar to those of 
recently formed slimes. The volatile 
solids content was slightly less, pos- 
sibly due to accumulation of silt- and 


TABLE II.—Moisture and Solids Content 


of Slimes 
Growth Under Aerobic and Anaerobic 
Conditions! 
Determination Aerobic? | Aver-| Anaerobic* | Aver- 
t nge age nge age 
Moisture 95.26-95.35| 95.31| 94.42-95.52| 94.47 
Total solids 4.65- 4.74) 4.69) 5.48- 5.58) 5.53 
Volatile solids | 76.4 -76.9 | 76.6 | 79.8 -80.6 | 80.0 
Fixed solids 23.1 -23.6 | 23.4 | 19.4 -20.2 | 20.0 


1 Immersion period, 57 days. 
? Station 6, 6 replicate samples. 
5 Station 4, 4 replicate samples. 


ash-forming materials. The total or- 
ganic nitrogen and ammonium nitro- 
gen present in the slime was lower than 
would be expected if the slime was pri- 
marily of biological origin; this finding 
indicates that, in addition to biological 
growths, there was deposition or ad- 
sorption of materials from the sewage. 
The grease content of this slime was 
similar to that of domestic sewage 
sludge. In general, slimes were similar 
in appearance and characteristies to 
primary sludge. 


Biological Characteristics 
Field Conditions 


The slime growths developed under 
field conditions were examined micro- 


TABLE III.—Analysis of Sewage Slime 


Determinations! Results 
pH 6.8 
Density at 20° C. 1.0122 
Moisture, per cent of wet weight 95.4 
Total solids, per cent of wet weight 4.6 
Volatile solids, per cent of total solids 70.7 
Ash, per cent of total solids 29.3 
Total nitrogen, per cent of total solids 1.0 
Ammonia nitrogen, per cent of total 
solids 0.5 
Grease, p.p.m. 15.7 


1 Based on duplicate analyses of a single slime 
sample, collected from a Transite test surface 
immersed 20 weeks. 
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(%) 
42 32.9 24.0 25.4 — 25.4 
| 48 - 23.2 — 21.0 — 23.4 — 22.4 . 
i 56 25.4 24.0 22.2 26.2 
Ay. 94.7 22.2 95.1 24.2 94.1 24.5 
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scopically to compare the microflora 
and microfauna present in anaerobic 
and aerobic locations, as well as those 
at low and high velocity stations. The 
object of these examinations was to 
determine the gross differences and 
relative abundance of the various types 
of organisms rather than to compile a 
detailed enumeration. Complete micro- 
scopical results are not given because 
of space limitations, but the following 
gveneralizations can be made. 

The biological composition of sewage 
slimes developed on slides submerged 
in anaerobic and aerobic locations, 
namely in the primary effluent channel 
and the final effluent channel of a sew- 
age treatment plant was similar during 
the first 1 to 3 days of growth. The 
few protozoa present during this pe- 
riod were mainly free-swimming flagel- 
lates and ciliates. 

At the time of maximum slime ac- 
cumulation (10 to 14 days), the pre- 
dominant microfauna in the films from 
anaerobic locations were free-swimming 
flagellates. Free-swimming ciliates and 
amoeba were less frequent. A more 
diversified fauna was obtained in the 
slimes from an aerobic environment, 
the predominant organisms during this 
period being Vorticella, Carchesium, 
free-swimming ciliates and flagellates, 
small nematodes, and aquatie olego- 
chaetes in descending order of fre- 
quency. 

The bacterial flora in the slimes from 
the aerobie and anaerobic locations con- 
sisted of short and long rods and large 
coceoid cells. After the initial film was 
formed, filamentous sulfur bacteria 
(Beggiatoa and Thiothrix) were pres- 
ent in the films from anaerobic as well 
as aerobic locations. As the film de- 
veloped, pseudopodial or finger-like 
vrowths of zoogleal bacteria, consisting 
of gram positive cocci, became abun- 
dant. Microscopically, the microflora 
and microfauna present in slime films 
grown in low and high velocity anae- 
robic environments were similar. Fig- 
ures 1, 2, and 3 are photomicrographs 
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of slimes (original magnification 970 x, 
reduced about one-half). 


Laboratory Conditions 


Results of the microscopical exami- 
nation of slimes formed in various lab- 
oratory methods of submergence also 
are summarized, 


FIGURE 1.—Photomicrograph of aerobic 
slime film after two days of growth in final 
clarifier effluent (gram stain). 


FIGURE 2.—Photomicrograph of anae- 
robic slime film after 8 days of growth in 
primary clarifier effluent (gram stain). 
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FIGURE 3.—Photomicrograph of anae- 
robic slime film after 15 days of growth in 
raw sewage (gram stain). 


Rods were the predominant morpho- 
logical group of bacteria present in 
slime growths on all ‘‘static slides.’’ 
Both rods and ecocei occurred as pre- 
dominant groups at irregular intervals 
on ‘‘submerged dipping’’ slides, but 
rods were prominent during the first 
week. Rods and cocci were equally 
numerous on the first examination, but 
cocci were predominant thereafter on 
‘alternate dipping’’ slides. Cocci 
were predominant on all ‘‘ recirculation 
slides,’’ except at 10 days, when rods 
were most abundant; this was the be- 
ginning of the period of most rapid 
increase in slime growth and cocci 
again became predominant at the peak 
and all through the sloughing period. 

Anthophysa were found only on 
‘*statie slides,’’ and were largely pre- 
dominant. They were numerous from 
the Sth to the 24th day, when mixed 
free-swimming ciliates and flagellates 
became most numerous, followed by a 
predominance of Vorticella on the 26th 
day. Vorticella were the predominant 
protozoa on almost all ‘‘submerged 
dipping’’ slides. Vorticella were ini- 
tially most numerous on ‘‘alternate 
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dipping’’ slides, but after 10 days 
Opercularia were dominant, except on 
the 22nd day when Carchesium ap- 
peared equally abundant. Opercularia 
was predominant on ‘‘recirculation 
slides’’ throughout the experiment, ex- 
cept on the 10th day when Euplotes, a 
free-swimming ciliate was most abun- 
dant. Miscellaneous free-swimming 
ciliates and flagellates occurred on most 
slides and amoeba were found on slides 
from all procedures except ‘‘static 
slides,’’ being more frequent on ‘‘re- 
circulation slides.’’ 

Nematodes were of scattered oceur- 
rence being found at least once on 
slides from each method except ‘‘sub- 
merged dipping.’’ Rotifers were found 
on only two slides, both ‘‘recireulation 
slides.’’ 

Microscopical examinations indicate 
that there was not only a succession of 
organisms and a change in their rela- 
tive numbers in building up the slime 
film, but also that there was a distinct 
difference in the predominant organ- 
isms under different conditions, even 
using the same sewage. The type of 
organism present under different con- 
ditions varied; but several forms were 
found to predominate, usually to the 
exclusion of a wide variety of forms. 

It appears that the predominant 
type of bacteria and protozoa in slime 
growth may be a direct indication of 
the degree of aerobiosis or anaerobio- 
sis. Cocci appear to be the predom- 
inant morphological group of bacteria 
under aerobic conditions while, rods 
appear more important anaerobically. 

Attached protozoa were dominant 
on most slides from all methods, but 
the particular organism present varied. 
Anthophysa, the predominant protozoa 
on the anaerobic ‘‘statie slides,’’ was 
not found on slides from any other 
method. Opercularia was found only 
on the aerobie slides from ‘‘alternate 
dipping’ and ‘‘recireulation,’’ in 
which it was predominant. Vorticella 
was found most abundantly on the 
‘‘submerged dipping’’ slides but was 
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of scattered occurrence on slides from 
all methods 

The slide film differs macroscopically 
as well as microscopically in appear- 
ance under differing degrees of motion 
and aeration. 


Summary and Conclusions 


The physical, chemical and biological 
composition of submerged slime growths 
have been described. 

The moisture, ash, and nitrogen 
characteristics of the slime accumula- 
tions correspond to those of solids col- 
lected by settling of raw sewage. A 
total nitrogen content of one per cent 
is extremely low for a material of pre- 
dominantly biological origin; it is con- 
cluded that, in addition to biological 
material, considerable amounts of sew- 
age solids are imbedded in the slimes. 

The biological composition of slimes 
developing in anaerobie and aerobic 
locations was the same during the pri- 
mary slime formation The 
microfauna con- 


period. 
this period 
few flagellates and free- 
At the period of 
maximum slime formation, the content 


during 
sisted of a 
swimming ciliates. 


of slimes from anaerobie locations was 


predominantly flagellates. A more 
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diversified fauna was present in slimes 
from aerobic locations ( Vorticella, Car- 
chesium, free-swimming ciliates and 
flagellates). Bacterial flora present in 
slimes from anaerobic and aerobic lo- 
cations consisted of short and long rods 
and large coccoid cells. After the pri- 
mary film formation period, Beggiotoa 
and Thiothrix appeared in the slimes 
both in aerobie and anaerobic location. 
As the film developed, zoogleal bacteria 
(gram positive cocci) became abundant. 
Several different laboratory methods 
of submergence were studied, using 
microscope slides as the contact me- 
dium. The results of these studies 
demonstrated that slime formation in- 
volved a succession of organisms, a 
change in the relative number of or- 
ganisms as the film developed, and a 
distinet difference in the predominant 
organisms with different methods. At- 
tached protozoa were dominant on all 
slimes obtained by all methods of sub- 
mergence, the type of attached pro- 
tozoa varying with different methods of 
submergence. Antophysa was the pre- 
dominant protozoa in anaerobic ‘‘static 
slides’’; Opercularia in aerobie slides 
from ‘‘alternate dipping’’ and ‘‘re- 
circulation slides;’’ and Vorticella in 
‘‘submerged dipping slides.’’ 
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RESEARCH AND TEACHING ASSISTANTSHIPS 


Opportunities are available for research work in hydraulic and 


sanitary engineering at the State College of 


Washington. In 


addition, teaching assistantships are available in Civil Engineering. 


These positions require half-time 


service. 


Remuneration is $1,400 for the first academic year and $1,490 


for the second year. 
at $311 per month. 

obtained in two years. 
June or September, 1956. 


Summer employment generally is available 
5 

A Master of Science degree normally may be 

Assistantships are available beginning in 


For further information write to Professor Emmett B. Moore, 
Chairman, Department of Civil Engineering, State College of 


Washington, Pullman, Wash. 
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COURT DECISIONS AND STATUTORY PROVISIONS 
IN WATER POLLUTION CONTROL LAW * 


By Warren H. Resu 


Assistant Attorney General, State of Wisconsin, Counsel for Wisconsin Committee on 
Water Pollution and Wisconsin State Board of Health 


There is perhaps no area of social 
control more susceptible or subject to 
the exercise of the state’s police power 
than that of water pollution. Polluted 
water is almost as bad as no water. In 
the light of the impact of an expand- 
ing industrial economy and tremend- 
ous population growth upon the purity 
of our public waters it is suggested that 
the old saying, ‘‘you never miss the 
water until the well runs dry,’’ be 
amended and brought up to date by 
having it read: ‘‘you never miss the 
water until the well runs dry or until 
it becomes polluted.’’ 

It has been said in one court decision 
that: 


‘*The state may in the exercise of 
its police power require that sewage be 
purified before being cast into a stream, 
or it may absolutely prohibit the use 
of streams for such purpose. It has 
been stated that the right of a munic- 
ipality to empty its sewage into a 
stream or a river is merely a legislative 
license revocable whenever public 
health and safety require. No consti- 
tutional property right is invaded by 
absolutely prohibiting the casting of 
any obnoxious matter into any running 
stream of the state. This power to 
regulate or prohibit may be delegated 
to the state board of health, and where 
its exercise is committed to the sound 
discretion of the board it may be exer- 
cised without taking evidence... .’’ 56 
Am. Jur, ‘‘Waters’’ §388, pp. 813-14. 


* Presented at 1955 Annual Meeting, Cen- 
tral States Sewage and Industrial Wastes 
Assn.; Rochester, Minn.; June 22-24, 1955. 


This discussion will rely to a greater 
extent upon cases from Wisconsin than 
upon cases from other jurisdictions, be- 
cause of a somewhat greater familiar- 
ity of the author with the Wisconsin 
law. However, this discussion fre- 
quently will cite decisions from other 
jurisdictions. 


State Power to Control Pollution 


In Winchell v. Waukesha, (1901) 
110 Wis. 101, 107, 85 N.W. 668, it was 
clearly held that the balancing of 
private rights to continued purity of 
lakes and streams against the discharge 
of sewage by a municipal corporation is 
entirely a question for the legislature. 

Perhaps the most far-reaching case 
upholding the state’s police power over 
water pollution is that of Madison 
Metropolitan Sewage District v. Com- 
mittee on Water Pollution, (1951) 260 
Wis. 229, 50 N.W. (2) 424. This case 
upheld a statute requiring the diver- 
sion of sewage plant effluent from the 
natural water course of the area, con- 
sisting of a series of shallow lakes 
where nuisance conditions resulted 
from the inorganic phosphorus and 
inorganic nitrogen contained in the 
effluent. The statute required either 
that the effluent be diverted to another 
water course on the theory that if dis- 
charged into a flowing stream nuisance 
conditions might be averted, or that 
in lieu thereof the community supply 
such advanced treatment of the effluent 
as would accomplish the same results 
as diversion. While the statute did not 
specifically name the city of Madison, 
it was really limited to that area be- 
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cause of limiting factors such as efflu- 
ent from a sewage treatment plant 
serving 45,000 persons or more being 
discharged into a lake of more than 
two square miles and less than six 
square miles in an area located within 
10 miles of the treatment plant. 

In this the court rendered a 
sweeping decision holding that a mu- 
nicipal corporation has no privileges 
or immunities under the federal con- 
stitution which it may invoke against 
the state and that the authority of the 
legislature is supreme over a municipal 
corporation, subject only to such lim- 
itations as the constitution may pre- 
scribe. The court made it clear that 
the state in exercising its police power 
may require that sewage be purified be 
fore being cast into a stream, or it may 
prohibit the use of streams for such 
purpose entirely without violating any 
constitutional property rights. It 
was also said that a city is liable for 
the maintenance of a nuisance even 
when operating in its governmental 
capacity and that the question of clas- 
sification for purposes of legislation is 
primarily for the legislature both as to 
need and basis; also that in matters 
involving only questions of public pol- 
icy the determination of the legislature 
is final and conclusive on the courts. 

Subsequent to that decision the sew- 
erage district filed plans for diverting 
its effluent around the Madison lakes 
through Badfish Creek, the Yahara 
River and thence into the Rock River. 
Residents along these streams _peti- 
tioned the Committee on Water Pollu- 
tion to hold a hearing and disapprove 
of the project on the grounds that it 
would create a nuisance and irrepar- 
able damage to the riparian owners. 
After a 5-day hearing the committee 
made an order dismissing the com- 
plaint and refusing to disapprove of 
the diversion route. There is a bill in 
the legislature to repeal the statute in 
question and this has been amended to 
grant further time and provide for 
scientific research and _ investigation 


case 
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designed to perfect methods of elim- 
inating the nutrient elements from 
the sewage effluent so as to make diver- 
sion unnecessary. 


Factor of Nuisance Conditions 


The foregoing is important because 
apparently this is the only instance in 
history where any state has gone so far 
as to provide by statute that even 
though sewage effluent is treated to the 
highest degree possible under modern 
sanitary engineering methods it still 
may not be discharged into the nearest 
water course if nuisance conditions 
result. 

Most states have not gone this far 
either by way of regulatory legislation 
or by court decision, but there has been 
a considerable development in the case 
law relating to water pollution partic- 
ularly insofar as the rights of individ- 
ual property owners are concerned. 

There are many cases which have 
been instituted either for injunctive 
relief to prohibit discharge of wastes 
into streams where nuisance condi- 
tions are alleged or to collect damages 
or both. 

The legislative authority to construct 
and operate a sewage treatment plant 
does not permit the creation and main- 
tenance of a Generally 
speaking a sewage treatment plant is 
not a nuisance per se, although it can 
be such where improperly designed or 
improperly maintained and operated. 
Also it has been held that the right to 
pollute a stream by discharge of efflu- 
ent from a treatment plant will not 
lead to a preseriptive right to continue 
such pollution; Corsicana v. King, 
(1928 Tex. Civ. App.) 3 S.W. 2d 857. 


nuisance, 


Balancing of Equities 


The courts seem to be less ready to 
award injunctive relief than to award 


damages. The reasons many have re- 
fused injunctive relief are not always 
clear, but on the whole it would appear 
that the theory usually relied on is 
that there should be a balancing of 


: 
| 
S 

ort 
re, 


Vol. 28, No. 2 


the equities. In other words where the 
abatement of the nuisance requires the 
discontinuance of the disposal system 
the comparative harm to the few that 
might be injured by its continuance 
should be weighed against the harm to 
the entire community which might be 
affected by its discontinuance. Some- 
times also the courts indicate that 
equitable remedies. such as injunctive 
relief are matters of diseretion, which 
need not be allowed where there is 
adequate legal relief available through 
compensation and damages; Fields 
Sewerage Co. v. Bishop, (1930 Tex. 
Civ. App.) 30 S.W. 2d 412; and Par- 
sons v. City of Sioux Falls, (1937) 65 
S. D. 145, 272 N.W. 288. 

Perhaps it should be added here that 
in the more recent cases the courts have 
been much more free in granting in- 
junctions as well as damages than was 
true at an earlier stage of our history. 


Pollution Cases Involving 
Sewage Treatment Plants 

There are many cases involving the 
pollution of water courses by sewage 
treatment plants. 

In Harrisonville v. W. S. Dickey 
Clay Mfg. Co., (1933) 289 U. S. 334, 
where a sewage treatment plant re- 
moved only 60 per cent of the organic 
matter and it was shown that by fur- 
ther treatment an additional 30 per 
cent could be removed, the court econ- 
sidered that a nuisance resulted en- 
titling the owner of pasturage land 
through which the stream flowed to 
compensatory damages equal to the 
loss of the land on account of con- 
tinuance of the nuisance. 

The ease of City of Lakeland v. State 
ex rel. Harris, (1940) 143 Fla. 761, 
197 So. 470, is an interesting nuisance 
ease where the treatment plant was 
neither modern nor capable of purify- 
ing the matter which passed through 
it. The court held that the respon- 
sibility was always upon the municipal- 
ity to refrain from maintaining a pub- 
lie nuisance, and it was no defense that 
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the municipality was then unable to do 
so because of poverty. 

In Poovey v. Hickory, (1936) 210 
N. C. 630, 188 S8.E. 78, a land owner 
was permitted to maintain an action 
against a municipality to abate a nui- 
sance and recover damages resulting 
from the maintenance of an inadequate 
sewage treatment plant which per- 
mitted the discharge of raw sewage 
into a stream running through or over 
the plaintiff’s land. 

In Cushing v. Luke, (1921) 82 Okla. 
189, 199 Pac. 578, a municipality was 
held liable for damages where its septic 
tank overflowed into a water course 
flowing over the plaintiff’s land, seri- 
ously interfering with the comfort of 
the plaintiff in the occupancy, use and 
enjoyment of her home and premises. 

In Bethany v. Municipal Securities 
Co., (1954 Okla.) 274 Pae. 2d 363, re- 
covery was permitted for the pollution 
of plaintiff’s private lake in such a way 
as to destroy the fish with which it had 
been stocked. The evidence indicated 
that the defendant’s sewage treatment 
plant was inadequate to handle the 
sewage from a town of the defendant’s 
size and that an overflow of untreated 
sewage was discharged from the plant 
into the creek which was the only inlet 
to plaintiff’s lake. 

In Veazey v. City of Durham, (1950) 
231 N. C. 357, 57 8.E. 2d 377, although 
a municipality had been granted an 
easement to transport sewage through 
a narrow strip of the plaintiff’s farm 
through means of pipes, it was held 
that this did not bar an action pred- 
icated upon the allegation that the de- 
fendant had damaged the plaintiff's 
farm by casting sewage from its dis- 
posal plant into an open water course 
which traversed the farm. 

The case of Stovern v. 


Calmer, 
(1929) 207 Ia. 1126, 224 N.W. 26, is 


an interesting one. After an injune- 
tion had been issued to restrain the 
municipality from committing a nui- 
sance by discharging its raw sewage 
into a stream, the evidence showed that 
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the former nuisance had been abated 
by the erection of a sewage treatment 
plant so that the effluent had become 
colorless and only slightly floeeculent, 
with the water in the stream having 
become clear. There was therefore no 
basis for continuance of the injunction. 
Another which the court 
ruled that the city was not maintain- 
ing a nuisance is that of People v. 
Reedley, (1924) 66 Cal. App. 409, 226 
Pac. 408, where the evidence showed 
that the city processed and treated the 
sewage before its discharge into the 
river rendering the sewage harmless, 
so that there was no probability of 
communication of disease. 


ease in 


Wisconsin Cases Involving 
Sewage or Industrial Wastes 


A few Wisconsin eases, relating to 
both sewerage and industrial wastes, 
will be cited. 

In Winchell v. Waukesha, supra, the 
city sewer system had an outlet into 
a navigable river about one-quarter 
mile above the plaintiff’s farm. As the 
volume of sewage increased the defile- 
ment of the waters became apparent, 
and an extremely offensive, disagree- 
able odor pervaded the plaintiff’s resi- 
dence, causing great distress, discom- 
fort and illness. The waters of the 
river were rendered unfit for bathing 
or for watering stock, and the volume 
of the water was only about double the 
amount of sewage. 

Experts testified that at an expense 
of about $5,000 the sewage could be 
purified and rendered innoxious and 
inoffensive. It was held that under the 
circumstances there was an 
nuisance, which if ereated and main- 
tained by an individual would entitle 
the plaintiff to injunctive relief as well 
as damages. 

The case of Mitchell Realty Co. v. 
City of West Allis, (1942) 184 Wis. 
352, 199 N.W. 390, 35 A.L.R. 396, 
was an action against both a city and 
a private corporation contributing 
stream pollution and nuisance condi- 
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tions. It was held that recovery could 
be had against all of the defendants 
for their appropriate share of the 
damage. 

The case of Middlestadt v. Waupaca 
Starch and Potato Co., (1896) 93 Wis. 
1, 66 N.W. 713 involved the operation 
of a starch factory which polluted the 
waters of a natural stream and rend- 
ered them unfit for watering stock and 
ordinary domestie use. An injunction 
was granted. 

Damages were awarded in the case 
of Behnisch v. Cedarburg Dairy Co., 
(1923) 180 Wis. 34, 192 N.W. 447, 
where large quantities of skimmed milk 
were deposited in a stream which 
flowed through the plaintiff’s land, re- 
sulting in unhealthful and deleterious 
odors which reduced the rental value 
of plaintiff’s premises. The court here 
raised, but found it unnecessary to 
answer because of the factual situation, 
the question of whether or not a pre- 
scriptive right can be aequired to dis- 
charge wastes into a stream, 

In the case of State ex rel. Martin v. 
City of Juneau, (1941) 238 Wis. 564, 
300 N.W. 187, it was held that the dis- 
cretion vested in the state board of 
health and in the state committee on 
water pollution by the statute, empow- 
ering those bodies to make orders re- 
lating to the control of surface waters, 
was not arbitrary in view of statutory 
provisions making such discretion sub- 
ject to court review. It was also held 
that the power of these agencies to 
control water pollution extends to pre- 
vention as well as to the limiting of 
conditions which are destructive of the 
public health, and that neither the 
board nor the committee need postpone 
action until the health of the commu- 
nity is impaired or some citizen has 
died as a result of the pollution of the 
water. 


Obligation of Municipality 
to Treat Industrial Wastes 


An interesting question in any com- 
prehensive study of water pollution 
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control is that of whether a munic- 
ipality is obligated to construct a sew- 
age treatment plant which will success- 
fully handle any and all types of in- 
dustrial wastes. 

According to McQuillen Municipal 
Corporations, Second Edition Revised, 
Vol. 4, §1552, the prevailing rule is 
that the municipality is the sole judge 
of the necessity or desirability of 
sewers and drains in the absence of 
any mandatory legislation. 

Ordinarily the construction or repair 
of sewers and drains involves the ex- 
ercise of discretionary powers which 
the courts undertake to control; 38 
Am. Jur. ‘‘Municipal Corporations,”’ 
§565, p. 253. 

In Hart v. Neillsville, (1905) 125 
Wis. 546, 104 N.W. 699, it was held 
that a city having by its governing 
body duly adopted a plan for a sewage 
system and executed the same it is not 
liable for injuries caused thereby to 
private property not involving an un- 
constitutional taking thereof, produced 
by defects in such plan. Hence it 
would appear that industries could not 
mandamus the city to adopt a type of 
sewage treatment to handle their in- 
dustrial wastes, nor recover damages 
for the failure of the city to construct 
a type of plant capable of handling 
particular industrial wastes. 

In Benson v. City of Andalusia, 
(Ala. 1940) 195 So. 443, the court held 
that the right of a municipality to reg- 
ulate and control the use of its sewer 
system was a necessary incident to its 
ownership; and in State ex rel. F. B. 
Co. v. Village of Beachwood, (Ohio 
1942) 46 N.E. 2d 808, it was held that 
a municipality has the power to fix 
reasonable conditions for the use of 
its sewers and water mains. 


Joint Polluters 


The case of Thorne v. Houcut Dredg- 
ing Co., (1941) 43 Cal. App. (2) 737, 
111 Pae. (2) 368, is another case like 
that of the Mitchell Realty Co. v. City 
of West Allis, (1924) 184 Wis. 352, 199 
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N.W. 390, 35 A.L.R. 396, in Wisconsin 
where pollution resulted from several 
sources. It was held that one who 
wrongfully polluted a stream by con- 
ducting a mining enterprise thereon 
was responsible only for the actual 
damages resulting from his own acts to 
the riparian rights of others, and that 
he could not be charged with damages 
resulting from other persons’ wrongful 
pollution of streams independently of 
his acts. 

Another case of joint liability was 
that of Jessup and Moore Paper Co. 
v. Zeitler, (1942) 180 Md. 395, 24 A. 
(2) 788. This case takes a somewhat 
different approach than the preceding 
one where each polluter was held liable 
for his own acts only. In the Mary- 
land case it was held that two or more 
persons polluting a stream are jointly 
and severally liable for the damages so 
that an injured person may recover 
against one or all contributing to the in- 
jury. It was stated that it is no defense 
to allege that other persons are commit- 
ting similar acts. The court indicated, 
however, that each wrongdoer would 
be liable in a separate action and 
would be subject to injunction. 


Damages and Proof 


How great pollution must be to en- 
title one to damages is a difficult prob- 
lem. In the case of Ravndal v. North- 
fork Placers, (1939) 60 Idaho 305, 91 
Pac. (2) 368, it was held that a farmer 
could not complain of a reasonable use 
of water by a miner higher up stream 
although such use pollutes and makes 
the water less desirable. The court in- 
dicated that there must be substantial 
injury to warrant relief. 

Another case involving a different 
type of pollution was that of Michelsen 
v. Leskowicz, (1945) 270 App. Div. 
1042, 55 N.Y.S. (2) 831, 63 N.Y.S. (2) 
191. It was held there that where a 
duck farm business had long been 
maintained by the defendants, the 
plaintiffs by selecting adjoining ripar- 
ian property for a country home were 
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not entitled to have the farm declared 
a nuisance simply because the air was 
not altogether free from either the 
quacking of ducks or the occasional 
odor therefrom or because the stream 
contained fecal matter. The court 
seemed to indicate that a duck farmer 
had the same right to make use of a 
stream as would a livestock farmer. 

The of Klassen v. Central 
Kansas Cooperative Creamery Assn., 
(1946) 160 Kan. 697, 165 Pac. (2) 
601, is an interesting one. There a 
creamery association permitted harm- 
ful waste products to injure a farm 
tenant by polluting a stream and un- 
derground water supply as a _ re- 
sult of the deposit of excessive quan- 
tities of wastes in the city sewer sys- 
tem. The court held that the com- 
pany was liable to the tenant for 
damages, regardless of whether pollu- 
tion was a result of the defendant’s 
negligence or improper conduct. The 
significant thing to note is that the 
liability of the defendant was in no 
wise affected by the fact that there was 
an intervening municipal sewer system. 

The question of the degree of proof 
required is always a troublesome one 
in any lawsuit for damages. In Ma 
sonite Corp. v. Steele, (1945) 198 Miss. 
930, 23 So. (2) 463 and 756, it was held 
that a resort proprietor who claimed 
that the patrons of his fishing resort 
were reduced by the killing of fish by 
the wood fiber effluent of the defendant 
must prove that his profits were less 
than they would have been had the fish 
not been killed. 

In Sutherland Co. v. Aaron, (1954 
Miss.) 72 So. (2) 161, it was stated that 
the measure of damages, where there is 
injury to land if the 
pollution were discontinued, is the de- 
preciation in rental value; but where 
the damage is permanent, the measure 
of damages is the difference between 
the market value of the property be- 
after the the 
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nuisance. 


SEWAGE AND INDUSTRIAL WASTES 


February, 1956 


Powers of Water Pollution 
Control Agencies 


With the growth and development of 
statutory law setting up water pollu- 
tion control agencies, the question of 
possible conflicts between the powers 
of such agencies and the powers of 
the courts oceasionally arise. 

In the case of Satren v. Hader Co- 
operative Cheese Factory, (1938) 202 
Minn. 553, 279 N.W. 361, it was held 
that a statute giving the state board 
of health the power to administer and 
enforce pollution laws did not deprive 
the district court of its power to issue 
an injunction to abate a private nui- 
sanee arising from the discharge of 
whey into a ereek, notwithstanding 
that the damage to the plaintiff’s farm 
was only $63 a year. The court re- 
jected the argument that an injunction 
should not be issued where injury is 
insignificant and where it would pre- 
vent the operation of a large business 
of great value to the community. 

The same question was involved in 
the case of Barrington Iills Country 
Club v. Village of Barrington, (1934) 
357 Ill. 11, 191 N.E. 239, where it was 
stated that as against riparian owners 
a village has no inherent right to use 
a creek as an outlet for its sewage sys- 
tem, even though the creek is the only 
natural water course in the area and 
also notwithstanding that some pollu- 
tion existed from other sources. It was 
held not to be a proper ease for bal- 
ancing equities, and that even though 
the treatment plant was approved and 
authorized by the sanitary water board 
this would not authorize encroachment 
upon the private property rights of 
riparian owners, nor bar a suit in eq- 
uity to enjoin a private nuisance. It 
might be noted in passing that the 
treatment plant here was equipped 
with an Imhoff tank and that storm 
waters were not separated and that 
there was also considerable industrial 
waste from creameries, cheese factories 
and so forth. Whether the court would 
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have granted relief in this ease, had 
there been anything like adequate 
treatment facilities, of course would 
present an entirely different question. 

The case of City of Huntington v. 
State Water Commission, (1953 W. 
Va.) 73 S.E. (2) 833 is an interesting 
one in that a city proceeded against the 
order of the state water commission 
requiring it to cease polluting certain 
waters, and advanced the contention 
that the city did not have sufficient un- 
used revenue to comply with the order, 
and that the value of taxable property 
was not sufficient to authorize bonded 
indebtedness to comply with the order 
of the commission. The court said that 
there must first be a good faith effort 
to raise the necessary funds to com- 
ply with the order and that publie 
health is a matter of state-wide con- 
cern in which the power of the state 
is supreme. 


Other Cases Cited 


Among other cases involving the 
authority of state water control agen- 
cies are the following: 

Sanitary Water Board v. Anthony, 
(1955 Pa. Com. Pl.) 66 Dauph. 250. 
This involved the Pennsylvania Clean 
Streams Act of 1945, 35 P.S. §691.1 
et seq. which divides the waters of the 
commonwealth into three categories: 


1. Clean waters which are devoted 
to a public use. 
2. Clean waters. 


3. Polluted or unclean waters. 


The court stated that it is the policy 
of the state to protect waters falling 
in the first class and that it is a nui- 
sance to pollute a stream from which 
the public gets its water supply. The 
court sustained an order of the sani- 
tary water board denying permission 
to conduct strip mining operations be- 
cause of the possibility of acid mine 
drainage. 

State Water Commission v. City of 
Norwich, (1955) 141 Conn, 442, 107 
A. (2) 270 involved an order of the 
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state water commission directing the 
city to take steps to construct a sewage 
treatment plant, and the city failed 
within the time limited by statute to 
appeal on the question of the reason- 
ableness of the order. It was held that 
the city could not complain about the 
reasonableness of the order on appeal 
from a judgment of the superior court 
enforcing the order of the commission. 
The last case to be cited is a Wis- 
consin case involving somewhat the 
same principle. In City of Superior v. 
Committee on Water Pollution, (1953), 
263 Wis. 23, 56 N.W. (2) 501, it was 
held that a city, whether challenging 
a sewage treatment order of the state 
committee on water pollution on the 
grounds of excess of statutory author- 
ity exercised by the committee, or on 
constitutional grounds or on some other 
ground, could obtain a judicial review 
of the order only by following the 
method provided in the statute under 
the uniform administrative procedure 
act; and that the city could not in leu 
thereof obtain a review of the order 
through the medium of an action for 
declaratory judgment. In other words, 
where a specified method of review is 
prescribed by statute the method so 
prescribed is exclusive. This is im- 
portant, for the reason that municipal- 
ities and industries which are de- 
linquent in complying with orders of 
water pollution control agencies fre- 
quently are also delinquent in seeking 
review of the orders in the courts in 
the manner and within the time pre- 
scribed by statutes, and the doctrine 
of the cases seems to be that they are 
then left without any defense to the 
enforcement of such an order. 


Summary 


It would be most misleading to inti- 
mate that the cases just discussed em- 
body all or even a minute fraction 
of the many decisions throughout the 
country on water pollution. Rather, 
these cases have been selected at ran- 
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dom to illustrate various phases of 
the problems that have troubled the 
courts and the administrative agencies 
charged with the enforcement of water 
pollution control statutes. 

It may be stated, in general, that the 
more recent decisions and the more re- 
cent legislation portray an increasing 
awareness and sensitivity to the prob- 
lem by the courts as well as by the 
various state legislatures. The latter 
have set up and more 


more water 


pollution control agencies with varying 
powers. 
It is a far ery from the old days 
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when powerful industrial interests con- 
trolled the legislatures, if not the 
courts, in some of the states; and when, 
in some instances, pollution was _ per- 
mitted to nearly destroy one of our 
greatest economic resources, our pub- 
lic waters. Economic self-interest on 
the part of industries, which must have 
clean waters in order to survive, as well 
as articulate demands from conserva- 
tion and other interested in 
preserving the purity of our lakes and 
streams for recreational use have dic- 
tated the change in governmental 
philosophy. 


groups 


DISCUSSION 


By CLARENCE W. KLASSEN 


Chief Sanitary Engineer, Illinois Department of Public Health, and Technical Secretary, 
Illinois Sanitary Water Board, Springfield, Tl. 


Mr. Resh has approached legal ques- 
tions involved in water pollution con- 
trol law from a somewhat different 
standpoint than is normally presented. 
Not only were specific court cases cited, 
but they were discussed under several 
headings which make this paper more 
valuable for ready reference to legal 
decisions. As an example, the first 
heading was ‘‘State Power to Control 
Pollution.’’ 

Mr. Resh stresses that the area of 
pollution control is particularly sus- 
ceptible to exercise of the state’s police 
power. As an administrator of a state 
pollution control program, the author 
of this discussion has always appre- 
ciated the need for the legal control 
but considers that every legal case in- 
volving stream pollution indicates the 
failure on the part of someone, and 
very often the regulatory agency, to 
work out a voluntary solution. In 
other words, the legal aspects of stream 
pollution present the negative side of 
the pollution picture. Cases of in- 
dividual action against an alleged pol- 
luter, however, often fall into an en- 
tirely different category than some 


cases presented by the author of this 
fine paper. In some instances, it is the 
sheer desire to collect money, and in 
other instances the abatement of pol- 
lution is the principal motive. It is 
appreciated, however, that legal action 
often is necessary and may be a means 
to an end in securing abatement. 

The author recognized the fact that 
water pollution control is a part of an 
over-all water resources conservation 
program and that, while industry has 
a responsibility for taking care of its 
wastes, industry likewise has a big 
stake in this important natural re- 
source—water. 

The point is also stressed that mu- 
nicipalities and industries alike, have 
the right to use a stream but not the 
right to abuse it; and that it is def- 
initely within the power of a state to 
eontrol that particular use from the 
standpoint of discharging obnoxious 
or polluting material into the public 
waters, 

In Illinois, the public waters have 
been looked upon as public property, 
and it is part of the job of the state 
stream pollution control agency to de- 
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termine for the public how their prop- 
erty is being used or possibly misused. 

Mr. Resh points out that a state 
legislature is supreme over a municipal 
corporation, subject only to such lim- 
itations as the constitution of the state 
may prescribe. However, it should 
also be pointed out that a state stream 
pollution control body cannot take 
away the right of pure water from the 
riparian owners, for example, through 
the classification of certain streams to 
set them aside as waters that could be 
of inferior quality. 

Of particular interest is the state- 
ment that the courts seemed to be less 
ready to award injunctive relief than 
to award damages. This is a fact, of 
course, but recently in Illinois the 
court not only granted the State Sani- 
tary Water Board an_ injunction 
against an industrial corporation, but 
also, following this, when the corpora- 
tion caused stream pollution the court 
subsequently found the corporation in 
contempt of court and fined it. This 


was the case of the State of Illinois 
v. National Petro-Chemicals Corpora- 


tion. The judge in ruling on this stated 
that while he recognized the value eco- 
nomically to the community of this 
large corporation it did not have the 
right to in any way make the water 
in the outlet stream detrimental to the 
use of farmers and other riparian own- 
ers downstream. 

Legal examples cited by Mr. Resh 
under the heading of ‘‘ Pollution Cases 
Involving Sewage Treatment Plants’’ 
should be extremely interesting to all 
now operating sewage treatment works. 
Many treatment plants are becoming 
obsolete or outgrown, and some mu- 
nicipalities already are approaching 
the day when a second generation of 
sewage treatment plants is needed. It 
has been interesting to note from ex- 
amples cited that very often the same 
type of litigation is needed to secure 
sewage treatment plant additions and 
improvements as was involved in the 
original action to secure a plant to 
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treat sewage which was being dis- 
charged raw to the outlet stream. 

Of particular interest to every mu- 
nicipality are citations under the head- 
ing ‘‘Obligation of Municipality to 
Treat Industrial Wastes.’’ In Illinois, 
for example, when a municipality aec- 
cepts the connection of an industrial 
plant into its sewer system it likewise 
accepts the responsibility for the treat- 
ment of such wastes. The Illinois laws, 
which are similar to those of most 
states, give the cities and villages the 
right to regulate the use of their par- 
ticular sewer systems. 

From the industrial viewpoint, the 
ease of Hart v. Neillsville is particu- 
larly interesting: it outlines definitely 
the responsibility of the industry for 
taking care of its own wastes, and 
merely because the industry is located 
in a municipality it does not follow 
that the town is obligated to treat the 
industry ’s wastes. 

It might be of interest to note that 
some recent court decisions in Illinois 
recognized the fact that, in an incor- 
porated municipality, an individual 
could own and control a sewer located 
in a public thoroughfare. This situa- 
tion could materially complicate the 
legal picture; for example, if pollution 
was caused by that particular sewer 
outlet. As yet no court case has in- 
volved such a complicated procedure. 

Under ‘‘Damages and Proof’’ some 
excellent examples are cited for refer- 
ence. Experience in Illinois has dem- 
onstrated that it is extremely difficult 
to prove damages; for example, vet- 
erinarians, physicians or other scien- 
tific personnel very often will give a 
‘‘eurbstone opinion’’ to a person who 
might be the complainant, but when it 
comes to appearing on the witness 
stand and making statements under 
oath it is often quite a different story. 

The Illinois case cited of Barrington 
Hills Country Club v. Village of Bar- 
ington is an example of the result of 
legal action which may result in what 
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engineers and sewage treatment oper- 
ators would consider a quite impracti- 
cal situation. In this case, among 
other decisions, the judge ruled that 
no municipality could discharge either 
treated or untreated sewage into any 
stream in Illinois. While this decision 
still stands it obviously is so impracti- 
eal that it has been completely disre- 
garded; it would, of course, necessitate 
reversion to, septic tanks or privies 
and to the disposal of effluent on each 
individual property. 

The author of this diseussion was 
pleased to have Mr. Resh inelude some 
legal discussion of whether or not a 
state can decide that some waters can 
be or cannot be polluted. At times it 
is claimed that treatment is 
required merely for the sake of treat- 
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ment rather than because of any de- 
monstrable pollution. This is a some- 
what controversial subject, but un- 
doubtedly there are instances where 
certain indsutrial wastes would not re- 
quire treatment prior to being dis- 
charged into a stream or a surface 
body of water. This, of course, ree- 
ognizes the ability of water to absorb 
a certain pollutional load. 

As an engineer, it was particularly 
gratifying to review the paper by Mr. 
Resh and to note his practical views 
and comments on this aspect of pollu- 
tion. This discussor wishes to compli- 
ment the author, and also the State of 
Wisconsin for having on its legal staff 
a person who can present the excellent 
legal approach and comments which 
were evidenced in this paper. 


CRITICAL OCCUPATIONS 


Professional engineers in all branches, engineer draftsmen on 
design work, and operators of water and sewerage facilities are 
included in the most recent listing of critical oceupations released 


by the Office of Defense Mobilization. The list is used by the 
Selective Service System as a guide in selecting men with critical 
civilian skills for enlistment in the Ready Reserve under Execu- 
tive Order 10650, signed by the President, January 6, 1956. 

Young men possessing the listed skills and employed in the 
designated activities who are selected by the Selective Service 
System under the Executive Order will be eligible to complete their 
active duty for training in from three to six months, thus mini- 
mizing the time lost from critical civilian occupations. They will 
perform the balance of their military obligation in the Ready 
Reserve. Ordinarily they would be required to perform active 
military service for two or more years, plus service in the Ready 
Reserve. 
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ConbucTED BY DonaLp P. ScHIESSWOHL 


COUNTERACTION OF SEWAGE ODORS * 


By Nicwouas Post 
Airkem, Inc., New York, N.Y. 


In the practical field of air pollution 
abatement in the past, the destruction 
of odors has often had the aspect of a 
hopeless task. The field of physical 
and chemical destruction of odors has 
been explored endlessly. Mechanical 
equipment for this purpose has proved 
to be inadequate and costly. And, 
while practically every known com- 
bination of chemicals has been tried at 
one time or another in an attempt to 
destroy odors by chemical reaction, 
most chemicals that are known to be ef- 
fective as powerful deodorants against 
air-borne odors are toxic to human be- 
ings in the concentrations required for 
odor destruction in the atmosphere. 

The treatment of sewage and indus- 
trial wastes has become an extremely 
important aspect of modern living and 
the designing engineers and operators 
of modern sewage treatment stations 
are to be commended on the excellent 
work they have done in attempting to 
control odor nuisances. There are still 
odor-control problems to be_ solved, 
however, in the handling of sewage 
for, while treatment and disposal are 
conducted under careful bacteriological 
control and advanced engineering de- 
sign, some plants are subjected to the 
most complex and obnoxious mixtures 
conceivable. The liquid wastes from 


* Presented at 1955 Annual Meeting, Vir- 
ginia Industrial Wastes and Sewage Works 
Assn.; Alexandria, Va.; May 5-6, 1955. 


industrial activity alone are seemingly 
endless in variety. These wastes come. 
from dye works, chemical plants, syn- 
thetic rubber plants, oil wells, refin- 
eries, gas plants, milk condenseries, pa- 
per mills, slaughter houses, glue fac- 
tories, woolen mills, breweries, food 
products plants, and many other indus- 
trial establishments. 

In wastes from most of these sources 
there is adequate organic matter of 
nitrogenous or sulfurous nature to give 
rise to the noxious products of bio- 
logical decomposition. From the stand- 
point of odor, the worst of these gases 
are sulfides, mercaptans, indoles and 
amines. In addition to organic prod- 
ucts, the waste waters from many estab- 
lishments contain dissolved gases of 
malodorous quality that are little af- 
fected by the natural forces of self- 
purification in the water course or 
lake. These not only affect the water 
supply but may also contaminate the 
air for miles to degrade the surround- 
ing commercial shorelines, bathing 
beaches and resorts. Many odorous in- 
dustrial plants are removing odorous 
effluents from their stacks by the use 
of eyclone washers or serubbers and 
chemical reaction. Unfortunately, a 
good many of these wastes are not 
readily oxidized or consumed as or- 
ganic food, and treatment for odor by 
use of chemicals may create new odor 
problems. 
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Odor Perception 


Since hydrogen sulfide, methyl mer- 
captans and methyl amines are all 
odorous offenders, one might conelude 
that the elimination of hydrogen sulfide 
would be the first line of attack. It is 
well known that hydrogen sulfide is 
a very toxic material and there have 
been reports that some sewage treat- 
ment plants have dispersed sufficient 
quantities to cause physical damage to 
plant equipment. A condition of this 
nature, of course, should be corrected 
at once. In sewage odor perception, 
however, hydrogen sulfide is not al- 
ways the primary problem. 

In the field of odor perception there 
are four facts of primary importance 
which must be taken into consideration, 
even though they cannot be demon- 
strated by chemical analysis. These are 
as follows: 


1. Weak odors are not perceived in 
the presence of strong ones. 

2. Odors of the same strength some- 
times blend to produce a combination 
in which one or both of the components 
is unrecognizable. 

3. In the presence of odors of con- 
stant intensity we rather quickly lose 
awareness of any odor at all. 

4. Our like and dislike for any odor 
depends largely on association of the 
scent with pleasant or unpleasant ex- 
periences and impressions in the past. 


Odor appraisals by the author of 
some 300 sewage plants in the Midwest, 
the Gulf Region, the Atlantic Coast 
and the West Coast indicated that hy- 
drogen sulfide is not the typical sewage 
odor characteristic. The similarity of 
sewage more noteworthy 
than any dissimilarity, in spite of vari- 
ations in hydrogen sulfide. It was 
therefore concluded that combinations 
of methyl mercaptans, methyl sulfides 
and amines, in addition to indoles 
and skatoles, are the major offenders 
When this 
odors is in 


odors was 
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stream, there occurs what may be 
termed the ‘‘typical sewage odor.’’ 
While this odor characteristic in all 
plants visited was very similar, it 
varied in intensity. Local conditions 
and types of treatment may increase 
or decrease any of the aforementioned 
odor combinations. 


Odor Control Techniques 


Methods now commercially available 
for control of odors by treatment of 
odorous air may be divided into four 
general classifications: combustion, ab- 
sorption, use of odor modification, and 
counteraction. The first three methods, 
with their operating problems and lim- 
itations, have been described elsewhere 
in the literature, notably by Weaver 
(1). The author is primarily con- 
cerned with describing the method of 
counteraction, previously treated by 
3ergen (2), 


von 


Principle of Counteraction 


A very limited number of scientists 
have directed their attention to the 
field of odor perception. Around the 
turn of the century, Hendrick Zwaar- 
demaker, a Flemish scientist, discov- 
ered that two substances, odorous 
singly, may be inodorous together. 
Using a double olfactometer, he experi- 
mented with many pairs of odorous 
substances, introducing them individ- 
ually to either nostril to measure the 
‘atio of quantities required for neu- 
tralization or counteraction. By this 
method, all possibility of chemical re- 
action between the two substances was 
removed. Some of the recorded coun- 
teracting odors were cedarwood vs. 
rubber ; rubber vs. wax; wax vs. balsam 
of Tolu; and paraffin vs. wax. It is 
important to note that the true neu- 
tralization or counteraction of odors 
leaves no overriding odor, pleasant or 
unpleasant. There is some confusion 
in both the technical and popular press 
regarding the terms ‘‘odor masking’”’ 
and ‘‘odor modification’’ or ‘‘odor 
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counteraction.’’ Strong odors tend to 
mask weaker ones. If two odors are 
of about equal strength, a blend of the 
two is perceived or possibly both are 
identified. Lf one odor is considerably 
stronger than the other, as a rule it 
alone is perceived. This is masking. 
On the other hand certain pairs of 
odors, in appropriate relative concen- 
trations, are antagonistic; and, when 
the two are sniffed together, the inten- 
sity of each odor is diminished. This 
is counteraction. The field of odor con- 
trol by counteraction, as developed to- 
day, is based on the significant work 
done by Zwaardemaker. The develop- 
ment of odor counteractants has been 
a matter of pure research and many 
years have been spent in this delicate 
work. 

There is no widely accepted clas- 
sification of odors and, as a matter of 
fact, the description of odors usually 
depends on comparison. Sewage odors 
are complex groups of odors. It is un- 
usual to obtain a specific odor from a 
sewage treatment plant and, even when 
this is the case, the odor may combine 
with transient odors in the surround- 
ing atmosphere. For this reason waste 
odor counteractant formulations, al- 
though designed for specific odor de- 
scriptions, may contain complex groups 
of odor counteractants. There is no 
chemical method known for determin- 
ing the effectiveness of odor counter- 
actants. They are, however, successful 
in odor perceptive work and, in the 
last analysis, odor perception trials are 
the criteria for the effectiveness of any 
odor abatement method. 


The Application of Odor 
Counteractants 


The principle of odor counteraction 
deals with the molecules of malodor. 
In the process of odor perception the 
olfactory tract is so located that ordi- 
narily only gas reaches it. Gas, of 
course, includes vapor. The sensitive 
areas are at the closed ends of chan- 
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nels that are readily penetrated only 
by diffusion, and the diffusion of solid 
and liquid particles of more than sub- 
microscopic size is almost negligible. 
Accordingly, characteristic odors are 
rarely, if ever, produced by a smoke or 
mist of solid or liquid particles, how- 
ever fine, except in the case of mate- 
rials volatile enough to be smelled when 
only the vapor comes from massive 
forms of them. For practical purposes 
an odor is always a gas molecularly 
dispersed in the air in sufficient concen- 
tration to be above the threshold level 
of perception. For this reason, odor 
counteractants are most effective when 
vaporized and combined with the air 
stream by molecular dispersion. Re- 
gardless of whether the stream of odors 
is held to the ground by air inversion 
or is vertically or horizontally dis- 
persed, the counteractant is carried 
with the malodor and is noticeably ef- 
fective until the odor is dispersed be- 
yond the range of perceptibility. 

There are many sources of odor 
within the sewage treatment plant. 
Open grit handling areas, bar racks 
and sereens, sedimentation areas, dry- 
ing beds, sewage vents, manholes and 
lift stations may all become odorous. 
The odors from these sources expand 
by molecular dispersion in a rough 
range of five to one until the odorous 
pool is taken over by air movement. 
Further dispersal, mixing and dilution 
takes place during the variable air 
movements until the characteristic 
odor of sewage is perceived in the com- 
plaining area. 

Odor counteractants are vaporized 
in much the same way by atomizing 
the counteractant into the air stream 
by means of a calibrated atomizing 
nozzle. These vaporizing points are 
usually located at the ground level, on 
the roof of a plant structure, and in 
the vicinity of the most odorous efflu- 
ents. This provides vertical coverage 
from the bottom to the top of the 
odorous pool. The odor counteractants 
mix with the odorous air stream by 
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molecular dispersion and air move- 
ments, and are designed to follow the 
physical behavior pattern of the odor- 
ous elements. Some odorous elements 
disperse beyond the limits of percepti- 
bility rapidly; others are more tena- 
cious and do not disperse as quickly, 
either horizontally or vertically. Many 
groups of odors continue to travel and 
vaporize for miles. Specific odor coun- 
teractants are designed to follow these 
physical dispersal patterns. 

Vaporization of the liquid odor coun- 
teractant is accomplished by clean, 
compressed air (approximately 2 c.f.m. 
per gun). The liquid odor counterac- 
tant is stored in a drum in a convenient 
location and fed through small con- 
necting lines to the vaporizing nozzles 
by air pressure. The operation is 
automatic and, once the installation is 
set up and balanced, requires little 
maintenance except for weekly filling 
of the containers. 
izing at a continuous rate, are treated 
continuously. The atomizing equip- 
ment is simple, requires little or no 
service and is readily adaptable to any 
area. It is easy to install, no altera- 
tions are required in the process equip- 
ment, and no downtime is required for 
installation. 

In one activated sludge plant with 
an average daily sewage flow of 12 
mg.d., two guns were mounted to 
vaporize in the area of the aeration 
tanks. Another gun was located at the 
grit removal chamber to take care of 
the odors from this point and also 
those odors which might originate from 
the sludge drying beds nearby. A 
specific odor counteractant was used 


Odor sources, vapor- 


for these odorous components. 
In a second treatment plant which 


treats the wastes from a population 
of some 20,000 people plus the indus- 
trial wastes from a pharmaceutical 
laboratory, two guns were installed at 
the trickling filters to operate auto- 
matically. At this plant the odor is 
most noticeable during the late after- 
noon and early evening hours so coun- 
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teraction is placed in operation only 
during these hours when the odors are 
most severe. 

In a third treatment plant hydrogen 
sulfide escaping from a raw sewage in- 
let structure caused numerous com- 
plaints. A vaporizing gun was in- 
stalled at the top of this inlet for at- 
mospheric treatment. The enclosed 
area within the structure was not 
treated. It should be pointed out, how- 
ever that, without its warning charac- 
teristic odor, hydrogen sulfide ean be 
very deadly. It should never be 
treated for odor control until it has 
been discharged at a point where dis- 
persal is sufficient to reduce the parts 
per million below the maximum permis- 
sible limits for toxicity. 


Dispersion of Odors 


The atmosphere surrounding a sew- 
age treatment plant usually has great 
capacity to disperse odorous effluents. 
Under favorable weather conditions 
the odors from a plant will rise grad- 
ually as they flow downwind and the 
contaminants will be dispersed until 
only a negligible concentration pre- 
vails in the atmosphere. Under these 
conditions and under conditions of ac- 
tual vertical dispersion, odors do not 
ordinarily become an annoyance in 
the surrounding area. Unfortunately, 
there are many natural influences 
which arise to disturb this orderly dis- 
persion. These adverse influences are 
aerodynamic and meteorologic. Wind 
flowing past a treatment plant gener- 
ates a turbulence in the wake of the 
digesters and of the buildings. Turb- 
ulent masses of odor above and behind 
the plant are brought down to the 
ground in a spreading area. This is 
termed ‘‘downwash.’’ Under these 
circumstances concentrations of odors 
may be very high in an area close to 
the plant. If the odor escapes the 
downwash situation it may flow down- 
wind and come under the adverse in- 
fluence of terrain. Hills, valleys, bays 
and pockets may set up currents which 
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entrap the odors. Thermal influences 
in the atmosphere play a large part in 
the over-all air movement. Under con- 
ditions of air inversion large quantities 
of odors may be brought to the ground 
over a large area and sometimes held 
there for hours. The location of the 
treatment plant is also of great im- 
portance. It may be located in a deep 
valley or on level ground, in sparsely 
settled territory or a community where 
there are many obstructions to smooth 
air flow. These factors all affect the 
dispersion and the diffusion of odors, 
the reaction of the surrounding com- 
munity to them, and are important to 
valid odor survey work. 

The odor counteraction method of 
application is adaptable to favorable 
and unfavorable air movements. Un- 
der conditions of good vertical disper- 
sion or rising horizontal dispersions 
the application can be eut off. Under 
conditions of air inversion or wind 
velocities that create building turbu- 
lence and thermal looping, the counter- 
actant may be dispersed into the air 
stream. Many sewage treatment plants 
are located in areas where the prevail- 
ing wind may be away from the pop- 


The gate valve is one of the oldest 
practical devices known and the one 
most frequently employed to control 
the flow of fluids and gases in pressure 
conduits. The term ‘‘valve’’ is now ap- 
plied to any device that opens and 
closes and provides a passageway for 
fluids and gases. 


Historical Background 


The earliest form of mechanical 
valve was the bellows which was used 
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ulated or residential areas. To meet 
such conditions, wind control devices 
have been designed that automatically 
apply the odor counteractant when the 
wind is in the direction of the com- 
plaining area and stop the application 
when the wind direction is towards an 
unpopulated, or non-complaining, area. 
Public opinion is an important fac- 
tor in air pollution control and lack of 
an understanding publie relations at- 
titude towards the problem of air pol- 
lution is a serious matter. Good rela- 
tions with the general public are ex- 
tremely important for an aroused pub- 
lic is an unreasonable public, and an 
unreasonable public can cause excessive 
expenditures. It is, therefore, essen- 
tial that industries and municipalities 
survey their positions to determine the 
most advantageous course of action in 
reference to air pollution control. 
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by the Egyptians 3,500 years ago. 
Paintings on the walls of a tomb of 
that period picture a bellows with bam- 
boo piping used to smelt ore. The next 
development was the flap type valve 
which allowed fluids to travel in one 
direction in open and low-head con- 
duits. Grecian illustrations dating 
about 600 B.C. depict showers used for 
bathing which involved the discharge 
of water controlled by flap type valves. 
About 250 B.C., a Greek developed a 
two-cylinder pump which employed a 
valve in connection with the function- 
ing of each cylinder. 
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A century or more before the Chris- 
tian era, Hero of Alexandria is credited 
with the development of the first work- 
able hinged valve involving a flat gate 
which was opened and closed to admit 
water and control the discharge of 
pumps. In his writings, Hero wisely 
stipulated that the seat facings should 
be smooth and polished to insure a rea- 
sonably tight closure. 

The fourteenth century thinker, art- 
ist and engineer, Leonardo daVinci, 
left many drawings of valve construc- 
tions, the most advanced of which was 
the multiport check valve which in- 
volved four pairs of hinged gates. To- 
day multiport valves find a ready use 
in water and sewage facilities. 

Prior to the eighteenth century, 
pressure conduits were not generally 
employed because a satisfactory piping 
material was not available. Early in 
the eighteenth century, the first cast 
iron pipe was installed and in 1795, 
Joseph Bramah designed a valve stem 
featuring a screw thread which was 
used to open and close sluice type 
valves. 

In 1839 James Nasmyth designed the 
first practical metal gate valve which 
was immediately employed by the East 
London (Eng.) Water Works. The 
Nasmyth design consisted of a cast 
iron body and bonnet, a threaded valve 
stem and a solid tapered plug. 

Solid wedge, taper seat valves were 
introduced in the United States a few 
years later. About 1845 existing water 
utilities started to employ gate valves 
in pressure piping. Operating pres- 
sures were moderate, pipe sizes were 
reasonably small, and most of the valve 
development work related to small 
diameter and low pressure valves. The 
major changes and refinements of the 
original Nasmyth solid wedge, taper 
seat valve took place between 1845 and 
1895. During this period, double disc, 
parallel and taper seat gate valves were 
developed and met with wide and con- 
tinuing use. The first double disc, 
parallel seat gate valve was of the bot- 
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tom wedging type and was followed by 
center and side wedging types. 


Gate Valve Types 


The solid wedge, taper seat gate 
valve design has not been changed 
basically during the past 110 years. In 
this design, it is essential that the 
taper of the plug must coincide exactly 
with the taper of the body seats to 
achieve a pressure seal or shut-off. To 
prevent the plug from being moved in 
the direction of the downstream seat 
by the flow during the operating cycle, 
and to eliminate valve stem strain and 
undue seat face wear, plug guides 
should be integral with the valve body. 
The guides should have non-ferrous 
metal facings. As valve sizes increased, 
it was found that the problem of main- 
taining a perfect mating of the plug 
taper and the body seat taper was diffi- 


babhe 


FIGURE 1.—Exposed view of a double 
disc, side wedge, parallel seat, non-rising 
stem gate valve. 
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cult and expensive to achieve. It was 
also noted that the body seat taper was 
distorted as operating pressures and 
dead weight piping loads transmitted 
to the valves increased, with the result 
that leakage took place. 

The Coffin double dise taper seat 
gate valve was developed in 1867 to 
obviate and minimize the distortion of 
the body seat and the resulting leakage. 


Double Disc, Parallel Seat, Bottom 
Wedging 


8. J. Peet, in 1875, patented the 
double disc, parallel seat, bottom wedg- 
ing type gate valve (Figures 1 and 2). 
In this design, the dises move down- 
ward until the lower wedge travel is 
terminated by contact with a stop in 
the bottom of the valve body. The dises 
and upper wedge continue to travel 
until the wedges contact one another, 
thus forcing the dises against the body 
seats. In opening, the first turn or 
initial movement of the valve stem re- 
leases the wedges and allows the valve 
dises to travel freely to the open posi- 
tion. Suspended solids which are some- 
times present in the bottom of piping 
can be entrapped by the bottom wedge, 
changing the contact elevation, thus oc- 
casioning preliminary or early wedging 
with the dises in a partially open posi- 
tion. 


Double Disc, Parallel Seat, Center and 
Side Wedging 


Center and side wedging, double dise, 
parallel seat type gate valves were de- 
veloped and introduced late in the 
nineteenth century. In the side wedg- 
ing design, the dises move downward 
until the travel is terminated by con- 
tact with stops in the bottom of the 
valve body, at which point the dise 
faces fully cover but are not in firm 
contact with the body seat ring faces. 
The final rotation or movement of the 
valve stem actuates the wedging mech- 
anism expanding and forcing the disc 
faces against, and in contact with, the 
body seat faces, producing a drop-tight 
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FIGURE 2.—Flanged (O.S.G.Y.) ris- 
ing stem, double disc, side wedge, parallel 
seat gate valve. 


shut-off. The wedging mechanism is 
actuated by inclines integral with the 
valve body located near the horizontal 
centerline of the valve ; thus, suspended 
solids and foreign matter in the bottom 
of the piping cannot occasion prelim- 
inary or early wedging. In opening, 
the first turn or the initial movement 
of the valve stem releases the wedges 
before the dises move, thus the discs 
are free to travel to the open position 
without undue surface friction. 


Square Bottom Case and Disc 


Manual, cylinder and electrie motor 
operated gate valves which will be sub- 
ject to frequent operation and in serv- 
ice will be either in a fully open or a 
fully closed position should be of the 
square bottom case and dise type. This 
construction prevents the downstream 
dise from tilting into the downstream 
port opening. The dise and dise rings, 
at the bottom, are essentially square 
with the result that a substantial area 
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FIGURE 3.—Exposed view of beamed 
waterway valve construction. 


of each dise ring is in contact with each 
body seat ring during the operating 
cycle. 


Dise ring and seat ring wear is 
thereby reduced to the practical min- 
imum. 


Valves installed in a flat position in 
vertical piping should be of the square 
bottom case and dise construction with 
bronze tracks secured in the top of the 
valve body and in the bonnet, provid- 
ing parallel surfaces supporting the 
dises during the operating cycle. 


Beamed Waterway 


Valves which will be subject to fre- 
quent operation, substantial unbalanced 
pressure, high velocity and will be used 
to control flow should be either beamed 
waterway (Figure 3) or single throttle 
construction if the flow is not subject 
to reversal. If the flow is subject to 
reversal, the valves should be double 
throttle construction. 

The beamed waterway valve design 
prevents the downstream disc from 
tilting into the downstream port open- 
ing. Bronze faced beams located on 
the downstream side of the valve body 
register with bronze facings securely 
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attached to the downstream dise. The 
beam faces and the dise facings are in 
the same plane as the disc and seat 
ring faces. The beams prevent dise 
tilting and in combination with in- 
creased contact bearing area, uneven 
dise and seat ring wear is eliminated. 


Throttle Construction 


Throttle construction mechanically 
lifts each dise ring face out of contact 
with each seat ring face during the en- 
tire travel of the dises. This construce- 
tion (Figure 4) stops dise tilting, un- 
even dise and seat ring wear and chat- 
ter. Throttle construction valves are 
suitable for installation in vertical, 
horizontal (on edge) or in flat positions 
in vertical pipelines. The dise and seat 
ring faces are not in contact while the 
valve is in a partially open position or 
while the dises are moving. 

Throttle construction dises are pro- 
vided with three non-ferrous metal 
shoes. One shoe is attached to the disc 
at the top centerline, the other shoes 
are attached to lugs which are integral 


FIGURE 4.—Exposed view of throttle 
construction gate valve with disc shoes 
and body tracks. 
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with the dise, one on each side near the 
bottom of the dise. 

The throttle construction valve bod- 
ies have three non-ferrous metal tracks. 
Two tracks are located and securely 
attached to the body, one on each side 
of the body seat ring. The third track 
is located and securely attached at the 
top centerline above the seat ring. This 
track extends into the valve bonnet. 

As throttle construction valves begin 
to open, the dise shoes slide up inclines 
at the bottom of each body rail lifting 
and holding the dise ring face out of 
contact with the body seat ring face. 
In closing, the dise shoes slide down the 
tracks and the inelines at the bottom 
of each track until the dise ring face is 
in contact with the body seat ring face 
thus permitting the wedging of the 
dises in the closed position. 

The three dise shoes register with the 
three body rails and are in contact with 
one another while the valve is unseated 
and in a partially open position. The 
non-ferrous metal dise shoes and body 
rails are designed with ample bearing 
capacity. Throttle and/or beamed wa- 
terway construction thus assures long 
gate valve service life under severe 
operating conditions. 
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Construction and Operation Features 


The several basic types of gate valves 
briefly described are usually manually 
operated, employing key wrenches, 
handwheels, chain wheels or floor- 
stands. They can, however, be cylinder 
or electric motor operated. Manually 
operated gate valves are either of the 
non-rising stem (Figure 1) or of the 
rising stem type (Figure 2). The op- 
erating threads of non-rising stem 
valves are always in contact with 
the fluid or gas in the valve body, 
whereas the operating threads of rising 
stem valves are outside of the valve 
body and, therefore, are not in contact 
with the fluid. 

Gate valve constructions and refine- 
ments introduced during the twentieth 
eentury include ‘‘O’’ Ring pressure 
seals, position indicators for non-ris- 
ing stem valves, valve body clean-outs, 
gearing, by-pass valve assemblies, 
tracks, rollers and scrapers, square 
bottom case and dise, throttle and 
beamed waterway construction. 

**Q”’ ring pressure seals replace con- 
ventional valve stem packing (Figure 
5) and reduce maintenance to a min- 
imum. Position indicators for non- 
rising stem valves establish visibly at 
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FIGURE 5.—Exposed view of “O” ring seal plate (left) and conventional stuffing box 


and packing (right) used on non-rising stem valves. 
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all times the position of the valve dises 
or wedges. Rising stem valves do not 
require position indicators as the valve 
stem serves as an indicator. 

Valve body clean-outs should be pro- 
vided on all gate valves which will be 
in service in piping conveying sus- 
pended solids in solution. The clean- 
outs should be inspected periodically 
to flush the suspended solids from the 
valve body and from contact with the 
internal operating parts of the valve. 

Gearing and by-pass valves are used 
to reduce the torque required to oper- 
ate large valves. By-pass valves are 
also used to fill the line on both sides 
of the valve thus balancing the pres- 
sure before the main valve is opened. 
Enclosed gearing is normally applied 
to valves 14 in, and larger in diameter, 
which in service will be used at or near 
the working pressure rating. 

Vertical valves are normally equipped 
with spur gearing; horizontal valves 
with bevel gearing. Horizontal valves 


installed on edge in horizontal piping 


should be equipped with bronze tracks, 
rollers and scrapers. The bronze tracks 
and rollers carry the weight of the 
dises during the operating cycle. 
Many types of valves are available 
and employed in connection with the 
numerous and varied sewage and in- 
dustrial waste services which require 
valves including gate valves, butterfly 
valves, diaphragm valves, lubricated 
and non-lubricated type plug valves, 
eccentric rubber-faced plug valves, ro- 
tary cone valves, mud valves, shear 
valves, flap valves, foot valves and 
sluice gates. Each type of valve has 
limitations from an employment, op- 
erating and economic standpoint. The 
full operating conditions to which each 
valve will be subjected should be ex- 
amined carefully and should be re- 
flected in the determination of the type 
of valve to use for each control and 
shut-off service. Unfortunately, many 
types of valves are subjected on occa- 
sion to operating conditions beyond 
their design and recommended limits. 
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Operating pressure frequently is a 
deceiving criterion when it is used to 
determine the test pressure rating of the 
valve to be employed. More important 
eriteria include frequency of operation, 
speed of operation, velocity and the na- 
ture of the fluid from the standpoint of 
the pH and the suspended solids con- 
tent. 

The minimum desired service life of 
valves is generally considered to be 50 
years. To insure long service life with 
minimum maintenance, maximum valve 
construction should be considered with 
respect to pressure rating, shell thick- 
ness, trim composition and trim dimen- 
sion. 


Sewage and Industrial Waste 
Service Applications 


1. Non-rising stem gate valves should 
not be used in piping conveying sludge 
or heavy concentrations of suspended 
solids because the operating threads 
would be in contact with the fluid and 
solids in the valve body. Rising stem 
gate valves should be used in exposed ac- 
cessible piping. The operating threads 
are outside of the valve and not in con- 
tact with the fluid. The valve stem 
serves as a position indicator. 

2. Gate valves used in lines convey- 
ing moderate concentrations of sus- 
pended solids should be of the center 
wedging or side wedging, double dise 
type. The discs in this type valve are 
free from pockets in which solids would 
collect. The valve body should have 
elean-outs which permit the periodic 
flushing of solids from the body and 
the operating mechanism. 

3. Double dise gate valves should not 
be installed in an upside-down position 
in horizontal piping unless the manu- 
facturer has been advised of the in- 
stallation position and provision made 
in the valve construction to compensate 
for this unusual service requirement. 

4. Gate valves which will be operated 
frequently and when in service will be 
either in a fully open or closed position 
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should be of the square bottom case 
and dise type. 

5. Gate valves subjected to frequent 
operation, substantial unbalanced pres- 
sure, high velocity and used to control 
flow should be of the beamed waterway 
or throttle track type. 

6. Gate valves, sizes 14-in. and larger, 
should be equipped with gearing if the 
valves will be subject to an operating 
pressure at or near the recommended 
working pressure. These large gate 
valves should be equipped with by-pass 
valves permitting pressure equalization 
before the main valve is opened. 

7. Valves placed in inaccessible loca- 
tions should be operated by a floor- 
stand, chain wheel, cylinder or electric 
motor. Cylinder operation is econom- 
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ical because the source of power is usu- 
ally provided from existing installa- 
tions. Cast iron, bronze-lined hy- 
draulic cylinders should be used as 
they are extremely rigid and assure 
long service life under severe operating 
conditions. 

8. The valve manufacturers should 
be advised concerning the type of serv- 
ice and the characteristics of the fluid 
in the piping so that the valve will 
be of appropriate construction and 
equipped with the proper metal trim. 

9. Gate valves should be operated at 
least twice each year. Valve stuffing 
boxes should be checked and adjusted 
at least four times a year. Proper and 
timely maintenance will insure long, 
efficient gate valve service life. 


INTERESTING EXTRACTS FROM OPERATION 
REPORTS 


‘*This is a land of plenty, to be sure—but we can’t slow down on the job and have that 
plenty.’’—R. G. Mowbray 


Attention operators! 


It will be appreciated if copies of all annual reports of both large 
and small plants are sent to the Federation office for abstracting in this section of the 
Journal. Carbon copies of typewritten reports will be promptly returned on request. 
Please direct annual reports to: Federation of Sewage and Industrial Wastes Associa- 
tions, 4435 Wisconsin Ave., N.W., Washington 16, D. C. 


Annual Report of the Jackson, Mich., Sewage Treatment Plant for the 
Fiscal Year Ending June 30, 1954 * 


By R. A. Greene, Superintendent 


The average flow of 9.09 m.g.d. was 
the third highest average daily flow in 
the 17 years of operation and repre- 
sents an increase of .49 m.g.d. over the 
previous year. Overhauling of the set- 
tled sewage pumps increased the pump- 
ing capacity thereby allowing treat- 
ment of an increased flow from rain 
storms, melting ice and snow, and in- 
filtration. There was no indication 


* For last previous extract see THIS Jour- 
NAL, 26, 1, 105 (Jan., 1954). 


that the increase in flow was caused by 
domestic and industrial use of water. 
A combined sewer system serves the 


citizens of Jackson. The previous rec- 
ord high daily flow oceurred in 1942— 
43 when the rainfall for that period 
was 42.3 in. During the fiscal year 
1954 the rainfall was 33.38 in. The 
dry weather flow also has shown an an- 
nual increase. 

The total quantity of both suspended 
solids and B.O.D. removed increased 
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slightly above the previous year. The 
activated sludge process operated with- 
out upset and produced good results. 
Suspended solids and B.O.D. removal 
averaged 94 per cent. 


Industrial Wastes 


There were no operating difficulties 
caused by industrial wastes. The pass- 
ing of the sewer ordinance in 1953 has 
aided considerably in controlling the 
use of the sewer system. Previously 
harmful concentrations of wastes from 
the electroplating industries caused up- 
sets in the aeration units. There were 
no instances during the year when con- 
centrations of industrial wastes reached 
the proportions of previous years, al- 
though there were some cases when the 
concentrations exceeded the maximum 
limitations set forth in the ordinance. 
Industries as a whole were cooperating 
very well, 

Equipment 

The comminutors did a creditable 
job in shredding coarse materials, al- 
though the lower baskets are badly 
worn by sand and grit and will need 
replacement in the next two or three 
years. Grit channels were used at all 
times and would have functioned better 
if they had preceded the comminutors. 

Sedimentation and aeration tanks 
operated with normal efficiency. The 
diffuser plates installed in 1952 have 
shown no signs of becoming clogged. 
The practice of forcing two to three 
times the normal amount of air through 
them four to six times per year appears 
to keep the plates clean. Previous to 
replacing the diffusers it had been nec- 
essary to clean the plates every five 
years. With the practice of blowing 
the plates it is hoped to lengthen the 
interval between cleanings. 


Sludge Digestion 


Operation of the six digesters as two 


three-stage units was continued. Raw 
sludge was pumped to the two units on 
alternate days. The digestion process 
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was completed in the first and second 
stages with the third stage serving 
prineipally for sludge concentration. 
A reduction in the total volume of gas 
produced in the digestion process con- 
tinues as it has during the past few 
years. Only possible reason is the 
increased use of detergents by domestic 
and industrial water users. 

Sludge is air dried in sludge beds 
and shallow lagoons. All sludge pro- 
duced is removed by state prisoners for 
use on prison farms as a soil condi- 
tioner. Sludge is also available to the 
general public without charge from a 
stockpile on the plant grounds. 


Plant Maintenance 


Preventive maintenance was actively 
undertaken on a regular schedule. 
Most repairs resulted from normal 
wear. New impellers, wearing rings 
and sleeves were installed in three sew- 
age pumps. A considerable amount of 
interior and exterior repainting was 
done. Sludge drying beds were re- 
sanded and the shallow lagoons were 
graded. 

The treatment plant site occupies 55 
acres between U. 8S. Highway No. 127 
and the Grand River. As a result of 
its location the plant grounds have been 
enjoying an inereased use from the 
publie. 

An additional section of the grounds 
was developed as a pienic area and 12 
additional roadside tables were pur- 
chased to accommodate the crowds that 
gather to use the pieniec area. Con- 
tinued efforts have been made to keep 
the lawns, shrubs and trees attractive. 

The roads inside the plant grounds 
were all seal coated during the year. 
A new tractor was purchased and 
equipped with three 30-in. gang mow- 
ers. This piece of equipment has 
proven to be more economical and 
much more rugged than the power 
mowers used previously. 

Table I summarizes operation data 
for the fiscal year 1953-54. 
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TABLE I.—Summary of Operation Data for the Jackson (Mich.) Sewage Treatment 
Plant for the Year Ending June 30, 1954 
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Item Average 
Connected population (est.) .... 50,000 
Rainfall, total (in.) .......... 33.38 
Sewage treated: 

Grit (eu. LE 1.0 
Sewage analyses: 
Suspended solids: 
Settled (p.p.m.) .......... 169 
Reduction (%) 93 
B.O.D.: 
Raw 149 
Settled (p.p.m.) .......... 112 
Reduction (%) ........... 95 
Lb. per cap. per day in raw 0.22 
Dissolved oxygen (p.p.m.) : 
Oxygen consumed (p.p.m.): 
49 
Organic nitrogen (p.p.m.) : 
Ammonia nitrogen (p.p.m.): 
Pinal spas 12.0 
Nitrite-nitrate nitrogen 
(p.p-m.) : 


The first sewage was admitted to the 
15 m.g.d. primary treatment plant on 
June 16, 1952 with the final cut-in 
made the end of December. Inasmuch 
as this is the first fiscal year of full- 
seale operation the report covers ac- 
tivities from the initial flow of sewage, 


First Annual Report of the Port Huron, Mich., Sewage Treatment Plant 
for the Fiscal Year Ended June 30, 1954 


By L. D. Workina, Superintendent 


Item Average 
Aerators: 
Mixed liquor susp. sol. (p.p.m.) 2,100 
Air used (cu. ft. per gal.) .. 0.7 
Kilowatt hours per m.g. ..... 491 
Return sludge (%) ........4.+ 20 
Primary sludge: 
Volatile solids (%) ......... 58 
Solids removed, dry Ib./m.g. .. 1,610.4 
Volume (gal./m.g.) .......... 3,988 
Digested sludge: 
Volatile solids (%) .......... dt 
Dry sludge removed: 
Gas production: 
Total (1,000 cu. .....20% 17,392 
Gas per lb. vol. sol. digested 
Cu. ft. per capita per day .... 0.95 
Cost data (#): 
Cost of operation .......... 88,663.67 
Revenue bonds (retirement and 
Collection (billings, ete.) 19,361.10 
New equipment ............. 3,311.57 
Lift stations and sewer mainte- 


Cost per m.g. (fixed charges in- 

45.78 
Cost per mg. (less fixed 

32.55 


while analytical results are for the pe- 
riod July 1, 1953 to June 30, 1954. 


Sewers and Lift Stations 


Seven sewage pump stations, two in- 
verted syphon river crossings and 6.2 
miles of interceptor sewers collect the 
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sewage along both banks of the Black 
and St. Clair rivers. Diversion cham- 
bers fitted with orifice plates direct 
most of the storm water to the rivers, 
since the original lateral sewers were 
constructed as combined sewers. Three 
of the lift stations are equipped with 
mechanically cleaned bar screens. Five 
of the lift stations are new and were 
placed in operation the end of October, 
1952, with the last station completed 
by the end of the year. 

A delay of three months in getting 
the new pump stations in service was 
caused by bearing failures in the 
pumps. All 21 pumps were dismantled 
and checked, and most of the bearings 
in the pumps were rusted and corroded 
due to moisture and long idleness. 
Thrust bearings in the pumps in two 
of the pump stations were found to be 
damaged by improper erection pro- 
cedure. 


Treatment Plant 


The raw sewage passes through me- 
chanically cleaned bar screens where 
the reducible screenings are ground 
and returned to the sewage. From the 
wet well the screened sewage is lifted 
to two mechanically cleaned grit cham- 
bers. 

Eight rectangular settling tanks pro- 
vide for solids removal. Settled solids 
are pumped to four fixed-cover, 55-ft. 
diameter heated digesters. The di- 
gested sludge can be dried on enclosed 
drying beds or on a rotary drum vac- 
uum filter. Digester gas is utilized for 
heating purposes and to operate two 
4-m.g.d. gas engine raw sewage pumps. 

The chlorinated settled effluent dis- 
charges to the St. Clair River at a 
depth of 30 ft. and 140 ft. off shore. 


Garbage Disposal 


Incorporated in the design are facil- 
ities for the future processing of the 
garbage from the entire city. Raw 
garbage will be emptied on a sorting 
deck and ungrindable materials (cans, 
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glass, crockery) will be removed. The 
ground garbage will be mixed with wa- 
ter in pits beneath the grinders and air 
agitation will settle the eggshells, glass 
and grit to the pit bottom. The gar- 
bage then will be pumped to the di- 
gesters and the grit to the grit cham- 
bers. 


Digester Operation 


Two of the four digesters were filled 
with raw sewage on June 16, 1952 and 
heating was started immediately. By 
June 24, digester temperature was 
80° F. and small quantities of raw 
sludge were added daily. The diges- 
tion process showed no sign of foam- 
ing and by July 11 both digesters were 
operating at 90° F. and producing a 
small quantity of burnable gas. 


Personnel 


The treatment plant and lift stations 
are operated on a 24-hr. schedule by 
a superintendent, chief operator, four 
shift operators, a pumping station op- 
erator, two laborers and a janitor. All 
maintenance, except work requiring 
specialized or heavy equipment, is per- 
formed by plant personnel. Preventa- 
tive maintenance is of predominant 
importance. 

During initial reduced-seale opera- 
tion, equipment was observed closely 
and necessary adjustments made. Be- 
cause of the plant size and operating 
schedule each operator was individ- 
ually trained in all phases of operation 
and maintenance, including laboratory 
procedures. Many months of experi- 
ence are required before an operator 
acquires proficiency in all phases of his 
work ; consequently, the positions were 
earefully filled from those who passed 
a civil service examination. 


Initial Problems 


Extremely high river levels during 
1952 and 1953 permitted river water 
to overflow some of the diversion cham- 


ber dams. Planks were installed to 
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raise the elevation of the dams. Some 
flooding of low basements occurred 
during rainstorms. 

Considerable difficulty was experi- 
enced with almost all of the equipment, 
due primarily to careless and sloppy 
assembly and fabrication. There were 
a few instances of failure of equipment 
due to defective material or poor de- 
sign. In some cases it was necessary 
to completely reset equipment in order 
to align it properly. Where major 
changes, alterations or repairs were 
necessary the equipment manufacturer 
furnished erection engineers for super- 
vision and assistance. Attempts by the 
equipment manufacturer to charge 
the city for these services and parts 
were unsuccessful. 
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Much time, however, was spent by 
plant personnel in assisting with the 
work of making changes and altera- 
tions. 

A total of 34 modifications or addi- 
tions were made during the final stages 
of construction, These additions will 
materially improve the operating effi- 
ciency and safety of the treatment 
plant. 

The total cost of the sewage treat- 
ment plant, lift stations and intereep- 
tor sewers was approximately $3,000,- 
000. Financing is by means of general 
obligation and revenue bonds. Re- 
ceipts are collected from sewer serv- 
ice charges. 

Operating data for the fiscal year 
1953-54 is summarized in Table ITI. 


TABLE III.—Summary of Operation Data for the Port Huron (Mich.), Sewage 
Treatment Plant for the Fiscal Year 1953-54 


Item Average 


36,000 


Connected population (est.) 


Sewage flow (m.g.): 


Cu. ft./day 
Gu, PE ves 


Suspended solids: 


Influent (p.p.m.) 
Effluent (p.p.m.) 
Reduction (%) 


Settleable solids: 


Influent (ml./1.) 
Effluent (ml./1.) 
Reduction (%) 


Primary sludge: 


Volume (gal./day) 

Total solids, dry (lb./day) . 
Total solids (%) 

Volatile solids (%) 


Item 
Digested sludge: 


Total volume (1,000 gal.) 
Total solids, dry (Ib./day) 
Total solids (%) 
Volatile solids (%) 

H 


Gas production: 


Volume (cu. ft./day) 
Cu. ft./Ib. vol. solids 
Cu. ft./eapita 


Chlorine: 


Used (lb./day) 
Residual (p.p.m.) 


Operating expense ($): 


Utilities 

Repairs 

Supplies 

Chemicals 

Insurance 


3 
{ 
1,004 
7.0 
Grit: 
2,503.11 
2'348.18 
5,446 4,577.70 
| 
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INGENIOUS ANSWER TO TRENCH CAVE-INS * 


The question of what to do about 
trench cave-ins is old and troublesome. 
Too many men are injured or killed 
each year by the collapsing walls of 
deep trenches. More and more states 
have enacted laws that make timber- 
ing mandatory. And, even aside from 
the human problem, cave-ins are a con- 
stant threat to the progress of a job 
involving deep trenches in unstable 
soil. 

Yet timbering is expensive and time 
consuming. Contractors and sanitary 
engineers have struggled with the prob- 
lem for years. 


A Simple Answer 


The answer that has been put into 
effect by the Engineering Department 
of the city of Marshfield, Wis. in sim- 
ple—it has the ring of a real answer. 

The device is a stoutly constructed 
portable steel crib (Figure 1), open at 
the bottom with ample room inside for 
pipe layers to work. The cost is low. 


Easily Portable 


The Marshfield ‘‘box’’ consists of a 
welded and heavily braced skeleton of 
3-in, steel pipe, covered on the two 
sides with \4-in. steel plate. It has 
an inside working width of 30 in., is 
12 ft. long and 9 ft. high, with attach- 
able side plates that extend the height 
to 12 ft. These dimensions are, of 
course, designed to the Marshfield 
working requirements and could easily 
be varied. 

The box is specially designed to work 
in conjunction with a back-hoe. A 
heavy chain easily converts the dipper 
stick to derrick service for lowering the 


* Reproducted through the courtesy of the 
Clay Products Assn., Chicago, Ill. 


box into the ditch, moving forward as 
work progresses, and removing it when 
the ditch is finished. 

When the pipe layers are laying pipe 
and making joints, inside the box, the 
baek-hoe digs another box length ahead. 
Usually, there is little or no waiting 
involved. 


FIGURE 1.—Portable steel trench crib. 


Safer than Timbering 


Not only does this trench crib reduce 
timbering time and cost to insignif- 
icance, but it is a permanent assurance 
against improper timbering, sometimes 
a danger in itself. The top can be 
covered with heavy planks, rendering 
the box quite safe even in trenches 
extending several feet above the crib 
top. 
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SUSPENDED SOLIDS DETERMINATION 


NOTES ON THE DETERMINATION OF SUSPENDED 
SOLIDS 


By Jerome DreGeN AND FREDERICK E. NUSSBERGER 
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Assistant Chemist and Senior Chemist, respectively, Department of Public Works, 


Standard Methods for the Examina- 
tion of Water, Sewage, and Industrial 
Wastes, Tenth Edition (1955), gives 
the following procedure for determin- 
ing suspended solids in sewage. 
‘*Measure out 50 to 100 ml. well mixed 
sample with a wide tip pipet or meas- 
uring flask and filter through the 
weighed Gooch crucible using suction. 
Wash with distilled water, dry at 
103° C. for one hour, cool in desiccator 
and weigh.’’ It was suspected that oe- 
casionally high suspended solids values 
were due to inadequate washing with 
distilled water. Accordingly, to in- 
vestigate the proper procedure, a series 
of experiments was made. 


Effect of Dissolved Solids 


A solution containing 6.59 g. of so- 
dium chloride per liter, equivalent to 
4,000 p.p.m. of chloride, was prepared. 
Five 100 ml. portions of this were 
filtered through five ignited Gooch cru- 
cibles. After filtering the crucibles 
were dried without washing, cooled in 
a desiccator, and weighed. The aver- 
age results indicated that 0.0013 g. 
of salt was held in the mat. This is 
equivalent to 0.197 ml. of the original 
salt solution. The average weight of 
the mats in the crucibles was 0.1708 g. 
Accordingly, 1.15 ml. of the salt solu- 
tion, or 0.0076 g. of dry salt, was 
retained per gram of asbestos mat. 

To investigate the best procedure for 
washing the Gooch crucibles 10 eru- 
cibles were prepared and divided into 
two sets of five erucibles each. Then 
100 ml. portions of the salt solution 
were poured through each of the first 
five crucibles followed by one 20 ml. 
portion of distilled water. The second 
set of five crucibles was treated as the 
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first except that each crucible was 
washed with two 10 ml. portions of dis- 
tilled water. The average gains in 
weight were 0.3 mg. for the first set 
and 0.0 mg. for the second set. The 
results of this experiment and of other 
experiments, in which lesser and 
greater amounts of asbestos were used 
in preparing the crucible mats, indi- 
eated that two successive portions of 
10 ml. water each were sufficient to 
wash the filter mat substantially free 
of salt. 

To demonstrate the effect of washing, 
using a sample of sewage, the following 
experiment was made. A sample of 
raw sewage containing an appreciable 
amount of sea water was allowed to 
settle and the supernatant decanted. 
The supernatant was analysed and 
found to contain 1,950 p.p.m. chlorides 
and 4,070 p.p.m. total solids. A series 
of 10 ignited Gooch crucibles was pre- 
pared and divided into two sets. One 
hundred milliliter portions of the su- 
pernatant were poured through each 
crucible in the first set of five crucibles 
and these crucibles were then placed 
in the drying oven without washing. 
Then 100 ml. portions of the super- 
natant were filtered through the see- 
ond set of five crucibles, followed by 
two 10 ml. portions of distilled water. 
These crucibles were then dried in the 
oven, placed in a dessicator and 
weighed. They were then ignited at 
600° C., cooled, placed in a desiccator 
and weighed again. The results for 
suspended solids and per cent volatile 
suspended solids are as follows: 


Without washing: 91 p.p.m. sus- 
pended solids 
79.0 per cent 
volatile 
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With washing: 72 p.p.m. sus- 
pended solids 
82.3 per cent 


volatile 


To investigate whether or not the 
error caused by the dissolved salts 
could be minimized, another series of 
determinations was made. The cru- 
cibles were allowed to remain under 
suction longer, and an additional step 
of blotting the bottoms of the cru- 
cibles with filter paper before placing 
in the drying oven was undertaken. 
It was found that, without washing, 
the errors introduced by the dissolved 
salts were thereby reduced about 20 
per cent. 


Effect of Asbestos 


Another source of error in the sus- 
pended solids determination may arise 
in the preparation of the Gooch cru- 
cible and its mat. The characteristics 
of the particular shredded asbestos 
used for preparing the mat and the size 
of the perforations in the crucible are 
It was 


particularly important. 
pected that errors might be due to a 
loss of asbestos from the mat of the 
Gooch crucible during the steps of 
filtering the sample through the cru- 
cible and the subsequent washing of 
the mat plus suspended solids with dis- 


Sus- 


tilled water. For this reason an ex- 
periment was set up to determine: (a) 
if there was any loss of asbestos from 
the mat during the filtration and sub- 
sequent washing; and (b) to what ex- 
tent the loss, if any, might affect the 
results of the suspended solids and 
volatile suspended solids determina- 
tions, 

In this experiment five sets of five 
crucibles each were prepared, using 
three different brands of asbestos and 
two different boxes of a fourth brand. 
The standard method does not specify 
the size of the perforations of the 
Gooch crucibles. Coors No. 3, having 
holes 0.7 mm. in diameter, are generally 
used. In this experiment Coors No. 3B 
crucibles, having holes of 1.0 mm. diam- 
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eter, were used. The mats were pre- 
pared by producing a slurry of asbes- 
tos, using 900 ml. of distilled water to 
about 7 g. of the asbestos to be tested. 
The crucibles were filled nearly to the 
top with the slurry. 

After the water from the slurry had 
percolated through the crucibles it was 
assumed that the heavier and coarser 
asbestos particles had settled more 
rapidly and that the finer particles 
were deposited largely on top of the 
coarser particles. The crucibles were 
then transferred to the suction filtra- 
tion setup, suction was applied at 15 to 
20 in. of mercury, and the remainder 
of the water was removed. Each eru- 
cible was then washed with distilled 
water and drained under suction three 
times, allowing complete drainage be- 
tween each addition of wash water. 
The crucibles were then placed in a 
drying oven and dried at 103° C., re- 
moved from the oven and allowed to 
cool somewhat before being placed in 
a desiccator for one hour. After weigh- 
ing, they were ignited at 600° C. for 
one hour, cooled, placed in a desiccator 
for one hour, and weighed. A loss in 
weight was taken as the loss on ig- 
nition. 

The next step was to filter 100 ml. of 
distilled water through each of the 
crucibles, using a suction of 15 to 20 in. 
of mercury. Then two 10 ml. portions 
of distilled water were filtered through. 
Each portion of water was allowed to 
drain through completely before filter- 
ing through the next portion of water. 
The erucibles were then dried in an 
oven at 103° C., then ignited at 600° C. 
for one hour, cooled, placed in a des- 
iceator for one hour, and weighed. 

The difference between this final 
weight and the initial weight was con- 
sidered to be the loss of asbestos mat 
such as might oceur during an actual 
determination of suspended solids and 
volatile suspended solids. A summary 
of the averaged results obtained is 
given in Table I. 

The loss of non-volatile asbestos from 
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TABLE I.—Loss of Asbestos During Filtration and Washing 


Brand of Asbestos 


A 


B D1 


Weight of asbestos mat (g.) 0.0930 
Loss of weight of mat after 
ignition (g.) 0.0002 


Loss of weight of mat after 


filtration of distilled water 0.0012 


0.1490 0.1509 0.1182 0.1112 
0.0004 0.0006 0.0005 0.0002 
0.0008 0.0007 


a mat during the filtration step pro- 
duces a falsely high percentage volatile 
result. If, for example, a poor grade 
of asbestos mat were used which lost 
0.0010 g. during the process of filter- 
ing and washing a 100 ml. portion of 
sample, it will be seen that a sample 
of raw sewage containing 150 p.p.m. 
suspended solids and 80 per cent vola- 
tile suspended solids, may be found to 
have only 140 p.p.m. suspended solids 
and 85.7 per cent volatile suspended 
solids. Similarly, a sample of primary 
effluent containing 50 p.p.m. suspended 
solids and 80 per cent volatile sus- 
pended solids, would be found to have 
40 p.p.m. suspended solids and 100 per 
cent volatile suspended solids. In the 
same way, a final effluent sample con- 
taining 15 p.p.m. suspended solids may, 
under the same conditions, be found 
to have only 5 p.p.m. suspended solids. 


Effect of Crucible Perforation Size 


In order to determine whether the 
size of the perforations of the Gooch 
crucibles effected loss of weight from 
the asbestos mats during the filtration 
and subsequent washing operations, 
two sets of five crucibles each were pre- 
pared in an identical manner. The 


TABLE I1.—Relation of Weight Loss of 
Asbestos to Crucible Perforation Size 


No. (mm.) water (g.) 
3B 1.0 0.0008 
3 0.7 0.0004 


first set of crucibles were Coors No. 3B 
having perforations 1.0 mm. in diam- 
eter. The second set were Coors No. 3 
having perforations 0.7 mm. in diam- 
eter. Asbestos brand ‘‘B’’ acid washed 
medium fiber was used in all 10 
crucibles. 

A summary of the averaged results 
is given in Table II. 

In these tests a vacuum of 15 to 20 
in. of mereury was used both for pre- 
paring the Gooch crucibles and for 
filtering the samples. Experience indi- 
cated that, to minimize the errors due 
to loss of asbestos mat, the vacuum used 
for filtering a sample should be less 
than the vacuum used in preparing the 
asbestos mat. 

Other experiments indicated that it 
is possible to reclaim the asbestos from 
used Gooch filter mats by treating with 
hydrochloric acid and washing with 
distilled water. The fines are partly 
removed in the process and quite satis- 
factory mats can be prepared from 
the remaining fibers. 


Conclusions 


In general, errors in the determina- 
tion of suspended solids and volatile 
suspended solids by the Gooch crucible 
method will be minimized if the follow- 
ing procedures are followed: 


1. A Gooch crucible having small 
perforations should be used. 

2. The salts dissolved in the sewage 
sample should be washed out of the 
mat following filtration of the sample. 


Item 
D2 
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3. The asbestos used in preparing 
the mat should be a good grade as de- 
termined by a trial test. 

4. Filtration of the sample should be 
made at a lower vacuum than that used 
in preparing the asbestos mat. 

5. Preparation of the asbestos mat 
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to avoid loss of asbestos during the fil- 
tration and washing of a sample. 
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Atomic Sterilization 


Research in the sterilization of sew- 
age utilizing nuclear radiation has re- 
cently been announced by the city of 
Los Angeles. The work will be done 
by a commercial group interested in 
the industrial application of radio- 
activity. 

Studies will be undertaken to eval- 
uate the effectiveness of radioactivity 
in conjunction with conventional meth- 
ods of sewage treatment. Some in- 
vestigators have considered the feasibil- 
ity of disposing of raw sewage merely 
by sterilizing it. Such a possibility has 
interesting ramifications. 


Pilot Pressure Filter 


A fully enclosed minature pressure 
filter is available for filtration research 
and for the determination of filtration 
characteristics. Specific filtering rates 
in gallons per minute per square foot 
can be obtained since the filter may be 
used with one, two or three vertical 
filter leaves. The net area of the three 
leaves is 1 sq. ft. The unit is designed 
for precoat filtration using diatomace- 
ous earth or other filtering aids. 

The filter shell measures 6.5 in. in 
diameter and has an over-all height 
of 16 in. This size makes it readily 
portable and ideal for laboratory or 
pilot-plant use. Information on the 
unit may be obtained from American 
Plant Equipment Co., Manufacturing 
Division, 701 Spring St., Elizabeth 4, 
N. J., by requesting information on the 
‘*Pronto-Junior.”’ 


“Hot” Bricks 

Safe disposal of radioactive wastes 
can be achieved by sealing the radio- 
active residues in glazed bricks. Re- 
search, using the clay mineral known 
as montmorillonite, was conducted at 
the USAF Institute of Technology, 
Wright-Patterson Air Force Base, 
Ohio. 

The disposal process is visualized as 
mixing the radioactive materials with 
the elay slurry or allowing the radio- 
active solution to trickle through a 
column of clay. The radioactive par- 
ticles would become enmeshed in the 
clay. Excess water would be removed 
by draining, filtering or centrifuging, 
and the clay glazed into bricks. Glaz- 
ing would produce a package which 
could be impervious to leaching and 
thus permit safe disposal in the ocean 
or underground. 


All Weather Pipe Wrap Tape 


A pressure-sensitive, polyvinyl chlo- 
ride pipe wrap tape featuring in- 
creased adhesion, and employing a 
built-in corrosion inhibitor has been 
introduced by Minnesota Mining and 
Manufacturing Co., 900 Fauquier St., 
Saint Paul 6, Minn. 

As handy as ‘‘Scotch tape,’’ this im- 
proved ‘‘Scotchrap’’ should be useful 
for wrapping above-ground and bur- 
ied pipes wherever corrosion is a 
problem. It is easy to use, particu- 
larly for resealing or repair jobs. The 
tape comes in 100-ft. rolls and a va- 
riety of widths. 
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Cold Weather Accidents * 


Falls, burns and asphyxiation are 
the principle causes of accidents dur- 
ing the winter months, excluding motor 
vehicle accidents. 

Fatal falls are at a maximum, but 
their seasonal rise is less than for any 
of the other leading causes of acciden- 
tal death. In 1951-53, February was 
the peak for falls, but the death toll 
in that month was only 8 per cent 
above the annual average. 

As might be expected, deaths result- 
ing from fires and burns by other 
means occur with greatest frequency 
during the eold weather, and are asso- 
ciated with the increased use of heat- 
ing facilities. The loss of life during 
the winter is approximately 114 times 
the annual average. 

The rise in mortality from poisonous 
gas with the onset of colder weather is 
likewise associated with the increased 
use of heating facilities. In addition, 
an appreciable number of deaths are 
due to the running of an automobile 
motor in a ¢losed garage or in ears 
parked on the street or highway. Gas 
poisoning shows a wide seasonal varia- 
tion, the mortality in December and 
January being nearly eight times that 
in July. 

Check your treatment plant facilities 
today for those hazards causing crip- 
pling or fatal falls, burns or asphyxia- 
tion. 


Emergency First Aid Chart 


A completely revised edition of the 
Fisher Laboratory Emergency Chart 
brings an up-to-date comprehensive, 
condensed, alphabetical compilation of 
emergency treatments for specific poi- 
sons and particular accidents. 

Emergency aid for burns and secalds, 


* Condensed from Statistical Bulletin, Met- 
ropolitan Life Insurance Co. (Nov., 1955). 
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cuts, collapse, toxic headaches, electric 
shock and poisoning are briefly de- 
scribed. General rules, valuable at any 
time and place, are clearly outlined. 
Illustrated is the Red Cross recom- 
mended back pressure-arm lift method 
of artificial respiration. 

The chart, 18 in. by 27 in., is avail- 
able without charge to any established 
laboratory from Fisher Scientific Co., 
717 Forbes St., Pittsburgh 19, Pa. 


Some Days It Rains ¢ 


Everything was too quiet at the 
Boise, Idaho, sewage treatment plant. 
No griping, just a continuous purr 
from the operating equipment, and 
then things began to pop. 

1. A leak in the 30-in. concrete pipe 
from the raw sewage pump to the grit 
basin required extensive excavating. 

2. A 4 ft. length of 4in. timber 
wedged into the comminutor, breaking 
the drum, trust bearing, teeth and 
other parts to the extent of $1,790 for 
repairs. 

3. The 10 h.p. return sludge pump 
began to growl, requiring replacement 
of the bearing. 

4. Finally, the rubber-lined empeller 
of the raw sewage pump broke as the 
empeller was being removed from the 
shaft for relining. 

Fortunately, no one was hurt, only 
one day of by-passing was necessary 
and effluent quality remained excellent. 
The Boise Council was ‘‘budget-wise”’ 
and had set aside sufficient funds to 
cover emergencies. This was commend- 
able economic planning for the health 
and welfare of the community. Every 
sewage treatment plant budget should 
have a ‘‘rainy day’’ fund. 


t Extracted from Sewage Gas, sewage treat- 
ment plant newsletter, Boise, Idaho. 
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Reviews and Abstracts* 


Solving Pollution Problems Through 
Cooperation. By J. M. Jarrett. Proc. 
Amer. Soc. Civil Eng., 81, Sep. No. 642 
(Mar., 1955). 

In planning the solution of stream pollu- 
tion problems more attention should be 
given to the social and economic factors in- 
volved. The engineer has often failed in 
the interpretation of technical facts for the 
public. The author discusses the needs for 
better cooperation and then shows how the 
North Carolina State Board of Health has 
acted to bring about cooperation with other 
agencies and to educate industrial leaders 
and the public. W. A. HasFurTHER 


Capitalizing on Municipal Wastes by 
Composting. By Ricuarp P. Storrorr. 
Proc. Amer. Soc. Civil Eng., 80, Sep. No. 
545 (Nov., 1954). 

This paper covers the operational aspects 
of composting garbage for a municipality. 
At Oakland where open-air windrowed piles 
are used, there is a minimum of equipment 
and the new plant designed to handle 265 
tons of refuse a day is returning a good 
profit. Plant costs and revenues are tabu- 
lated. W. A. HASFURTHER 


Toxicity of Amines for Bacteria. By R. 
A. MacLeop and Eva Onorrey. Pacific 
Biological Station and Pacific Fisheries 
Experimental Station, Fisheries Research 
Board of Canada. Progress Report 98, 

. 22 (April, 1954). 

It was found that high concentrations of 
potassium ions were able to overcome the 
toxicity of triethanolamine to bacteria. 
Other ions such as Na, NH,4, Mg and Ca 
had a similar effect. A level of amine 
which was toxic in a neutral medium was 
non-toxic under slightly acid conditions. 
Other amines such as triethylamine and 
tri-n-propylamine were also effected by in- 
organic ions in the same way. 


It is believed that the action entails a 
combination of the positive amine ion with 
a negative site on an enzyme or on the cell 
of the bacteria. Positively charged ions 
combining with this site would protect the 
organism against the action of amines. 

H. HEUKELEKIAN 


Composting and Grinding: Report of 
Subcommittee of the Committee on 
Refuse Collection and Disposal. Proc. 
Amer. Soc. Civil. Eng., 80, Sep. No. 556 
(Nov., 1954). 

Aerobie composting processes are being 
tried in this country but operations are still 
in the experimental stage. The present 
status of the Frazer-Eweson Process, the 
Compost Corp. of America, the Atloona 
FAM, Ine., and Growth, Inc., operations 
are mentioned. Full-scale works of the 
first three are being revised to reduce costs. 

Some statistics on the use of home gar- 
bage grinders are given along with the basic 
design data and operation experience at the 
Jasper, Ind. sewage treatment plant where 
75 per cent of the homes have grinders. 
Experience there and elsewhere shows that 
garbage solids and B.O.D. are readily re- 
moved in normal treatment processes and 
that increased digestion capacity (5 en. ft. 
per capita for primary solids and garbage) 
is necessary. W. A. HaAsrurtHEeRr 


Sanitary Engineering Aspects of Nuclear 
Energy: Committee Progress Report. 
Proc. Amer, Soc. Civil Eng., 81, Sep. No. 
646 (Mar., 1955). 

The committee warns the engineer and 
waterworks operator of technical knowl- 
edge he must learn before a method for 
treating radioactive wastes can be pro- 
vided. Specific isotopes must be consid- 
ered and most of the paper is a review of 
43 references on treatment, handling and 
measurement of radioactive materials. 

W. A. HasrurTHER 


* Please send to Federation headquarters all periodicals, bulletins, special reports, etc., 


which might be suitable for abstracting in THis JOURNAL. 


Publications of publie health 


departments, stream pollution control agencies, research organizations, and educational institu- 
tions are particularly desired. Address such material: Federation of Sewage and Industrial 
Wastes Assns., 4435 Wisconsin Ave., N.W., Washington 16, D. C. 
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Rivers Department, City Manchester, Eng- 
land. Report for the Two Years Ended 
March 31, 1954. By J. McNicHo.as. 


No major change occurred in the opera- 
tion of the Davyhulme Works during 1953- 
54. The B.O.D. load was 151,600 lb. per 
day. The increasing use of synthetic de- 
tergents has caused excessive foaming. 

Much of the treatment plant is obsolete 
and the primary and secondary contact 
beds will be scrapped shortly as they effect 
little purification. 

The activated sludge plants have not 
produced consistently satisfactory effluents 
during the past two years, although the 
bio-aeration (Sheffield) unit has treated 
an increased volume with better quality 
effluent than either the Simplex or diffused 
air plants. The average power require- 
ment has been 26.4 h.p. per m.g. (Imp.) 
The conversion of diffused air units from 
plate to dome-type has continued. 

Sludge is disposed at sea, at a cost of 4 
shillings per wet ton. 

The work of the Department includes: 
surveillance of rivers and streams; sur- 
veillance of trade effluents from 500 estab- 
lishments; operation of sewage works at 
Davyhulme and Withington; construction 
and maintenance of 43.76 mi. of sewers; 
and experimental work. A tax is collected 
to cover these activities. 


TABLE I.—Aerator Effluent Data 


on Simplex 
B.O.D. (p.p.m.) 

1953 21.9 17.2 24.6 

1954 25.5 23.1 31.4 


Susp. Solids (p.p.m.) 


1953 24.0 19.0 25.0 
1954 27.0 23.0 27.7 


When producing effluents of similar char- 
acter, the various units required the follow- 
ing horsepower and retention periods : 


Hp Retention 


Unit (hr.) 
Diffused air 29.9 10 
Simplex 27.4 13 
Bio-aeration 42.8 17.3 
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The composition of the combined effluents 
from all sections of the plant for two years 
ended March 31, 1954: 


1952-1953 1953-1954 


B.O.D., p.p.m. 89.2 83.3 
Susp. solids, p.p.m. 41.0 42.0 


Experimental work has been conducted 
on the effect of synthetic detergents on the 
solution of oxygen in water. A diminution 
was found in the per cent oxygen dissolved 
as the amount of detergent added rose from 
10 p.p.m. to 1,000 p.p.m. 

Experiments were also conducted on 
the treatment of Withington sewage with 
aluminoferrie prior to aeration. 

The report concludes with a detailed 
tabulation of costs. 


LANGDON PEARSE 


BOOKS, REPORTS, 
PAMPHLETS 


The Chemical Industry Facts Book. 
Second Edition. Manufacturing Chem- 
ists Assn., 1625 Eye St., N.W., Wash- 
ington 6, D. C. 160 pp. Price, $1.00 
(1955). 

Reference source on the chemical indus- 
try and its work. Profusely illustrated. 


The Commission on Intergovernmental 
Relations. A Report to the President 
for Transmittal to the Congress. U. 8. 
Govt. Printing Office, Washington 25, 


D. C. 311 pp. Price, $1.25 (June 
1955). 


The Annual Public Works Report. Spe- 
cial Report No. 19, Amer. Public Works 
Assn., 1313 East 60th St., Chicago 37, 
Ill. 15 pp. Price, $1.00 (1955). 

A check list useful for the preparation 
of an annual public works report. 


Proceedings 24th Annual Arkansas Wa- 
ter and Sewage Conference and Short 
Course. Dept. of Civil and Chemical 
Engineering, Univ. of Arkansas, Fay- 
etteville, Ark. (1955). 


Progress Report No. 38, Washington 
Pollution Control Commission, De- 
cember 1, 1954—-May 31, 1955. Wash- 
ington Pollution Control Commission, 
Olympia, Wash. 28 pp. (1955). 
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News and Notes 


Of Persons and Activities in the Field of Hydrowastes 


Mark D. Hollis, Assistant Surgeon Gen- 
eral and Chief Engineer of the United 
States Public Health Service was awarded 
an Honorary Doctor of Science Degree by 
the University of Florida on January 28, 
1956. In his commencement address, Dr. 
Hollis stressed the deterioration of com- 
munity water resources resulting from 
heavy discharges of wastes by growing 
metropolitan concentration. 


Ralph Stone and Company, Consulting 
Engineers, announce their move to new 
and larger quarters at 147 San Vicente 
Blvd., Beverly Hills, Calif. The organi- 
zation provides complete engineering serv- 
ices for all types of municipal and in- 
dustrial work. 


Harry K. Gidley, associated for 25 
years with the Sanitary Engineering Di- 
vision, West Virginia State Department 
of Health, has resigned to enter the con- 
sulting engineering field in Charleston, W. 
Va. Mr. Gidley serves the West Virginia 
Sewage and Industrial Wastes Assn. as 
Federation Director. 


Roy F. Weston, formerly Sanitary En- 
gineer, Atlantic Refining Company, Phila- 
delphia, joined Professor Wesley Ecken- 
felder, Jr. of Manhattan College in a 
consulting engineering partnership with 
offices in Newtown Square, Pa. and 
Leonia, N. J. Mr. Weston is Federation 
Director for the Pennsylvania Sewage and 
Industrial Wastes Assn. 


Dr. John R. Snell, formerly Professor 
of Sanitary Engineering, Michigan State 
College, Lansing, has established a con- 
sulting engineering practice under the 
name of John R. Snell and Associates, 
East Lansing, Mich. 


Another new consultant in the field is 
Herbert E. Hudson, Jr., formerly Chief 
Engineer of the Illinois State Water Sur- 
vey who has joined the firm of Hazen 
and Sawyer, Engineers, New York, and 
will be in charge of the Detroit office of 
that firm. While his work has been 
mostly in the water world, he is likely to 
have the problems of abused water in his 
new undertaking. 


The reputation of Philip F. Morgan, 
Professor of Sanitary Engineering at 


lowa State University got into the field of 
polities recently when his friends cireu- 
lated cards in support of his election as 
Councilman for the city of Ames, Iowa. 
The ecards which his local supporters had 
printed read “Fearless Catalytic a vote 
for Phil is a vote for higher wages... 
lower taxes...full parity ... The 
Iowa Turnpike and everything else.” Pro- 
fessor Morgan’s many friends in the sew- 
age and industrial wastes field will 
continue to watch him for future de- 
velopments, 


Dr. Daniel A. Okun, Professor of Sani- 
tary Engineering, School of Public Health, 
University of North Carolina at Chapel 
Hill, has been appointed to the position of 
Department Head following the retire- 
ment of Dr. Herman Glenn Baity. Fur- 
ther changes in the department have in- 
cluded the appointment of Dr. Charles 
M. Weiss and Gilbert L. Kelso as associ- 
ate professors of sanitary science. 


Dr. Gerald H. Teletzke has joined the 
faculty of Purdue University as Assistant 
Professor of Sanitary Engineering, effec- 
tive with the current semester. Dr. 
Teletzke was formerly an Instructor of 
Civil Engineering at the University of 
Wisconsin. In his new work at Purdue, 
he will participate in the sanitary engi- 
neering and hydraulic teaching at both 
graduate and undergraduate levels. 


Dr. Francis 8. Friel, President of Al- 
bright & Friel, Ine., Philadelphia, has 
been cited as Metropolitan Philadelphia’s 
outstanding engineer by the Pennsylvania 
Society of Professional Engineers. Dr. 
Friel, who has been an active member of 
the profession for 40 years has served 
the field in numerous capacities including 
the office of President of the Federation 
in 1946-47. 


Edward J. Cleary, Executive Director 
of the Ohio River Valley Water Sanita- 
tion Commission, has announced the pro- 
motion of Bob Horton to the position of 
Assistant Direetor of ORSANCO. Mr. 
Horton’s promotion is in recognition of 
the responsibilities which he has earried 
so ably for this organization. 
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Better Aeration- Less Cost 


for your plant! 


Eight at Lima, Ohio, re- 


habilitated with DIFFUSAIR equipment. 
Operating results show improved B.O.D 
reduction and air utilization. 


A. B. Anderson, Newark, N. J., Consulting Eng'r. 

Chas. H. Shook, Inc., Dayton, O., Gen. Cont'r. Di FFUSAI R 
E. E. Smith, Gen. Supt. of Water & Sewage. 

W. H. Jacobs, Chief Operator. 


Walker Process DIFFUSAIR aeration units eliminate many of the 
difficulties usually associated with the operation of aeration equip- 
ment. The short tube orifices of the DIFFUSAIR spargers are de- 
signed so that the high velocity of air acts to keep the unit clean. 
This simple and effective action eliminates the need for air filters 
resulting in a substantial saving in equipment costs. Further sav- 
ings are realized due to the virtual elimination of maintenance on 
DIFFUSAIR units. The self-cleaning spargers require no attention. 
Also, there is absolutely no back pressure build-up to hamper blower 
efficiency permitting full air utilization. At Lima, Ohio, old equip- 
ment required 1.0 to 2.0 cu. ft. of air per gallon of sewage treated. 
The installation of DIFFUSAIR equipment has aver- 
aged only 0.7 cu. ft. of air and B.O.D. reduction has 
been raised to 92%-94%. 


A Bulletin 22S61, explaining complete de- 
tails of DIFFUSAIR e uipment is available 
upon request. Write for your copy today! 


WALKER PROCESS EQUIPMENT INC. 
Factory—Engineering Offices—Laboratories 
Aurora, Illinois 
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SEWAGE AND INDUSTRIAL WASTES 


Proceedings of Member Associations 


PACIFIC NORTHWEST SEWAGE 
AND INDUSTRIAL WASTES 
ASSOCIATION 

99 


The 22nd Annual Meeting of the 
Pacific Northwest Sewage and Indus- 
trial Wastes Association was held in 
the Empress Hotel, Victoria, B. C., 
on October 27-29, 1955. 

Technical papers presented at the 
meeting included the following: 


“Sewage Disposal and Wastes 
Treatment in Canada,’’ by J. R. Men- 
zies, Chief, Division of Public Health 
Engineering, Dept. of National Health 
and Welfare, Ottawa, Canada. 

**Effect of Ground Garbage on the 
Sewerage System,’’ by R. L. Stock- 
ham, District Engineer, Washington 
State Dept. of Health, Seattle, Wash. 

‘Sewage Pumping,” by M. S. 


Campbell, Sales Engineer, H. D. 
Fowler Co., Inc., Seattle, Wash. 

**Sludge Pumps and Controls,’’ by 
Harrison W. Kramer, Consulting En- 
gineer, Carey and Kramer, Seattle, 
Wash. 

*‘Oil Refinery Waste Treatment,’’ 
by C. G. Cortelyou, Manager, Fern- 
dale Refinery, General Petroleum 
Corp. 

‘Synthetic Detergents and the 
Plant Operator,’’ by Richard H. Bo- 
gan, Assistant Professor of Civil En- 
gineering, University of Washington. 

‘* Accelerated Sludge Digestion,’’ by 
Tom H. Forrest, Sanitary Engineer, 
Chicago Pump Co., Chicago, IIL. 

**Preaeration Results,’’ by Richard 
C. Boughner, Engineer, Washington 
State Pollution Control Commission. 

(Continued on page 68a) 


SNOW GATES 


for 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular opening in sizes up 
to and including 72 inches. 


ALL SNOW GATES and Lifts are “ Parker- 
ized"’ for protection against rust and corro- 
sion. 


Over 40 years continuous service to the in- 
dustry. 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW GATES & VALVES 


2437 East 24th Street Los Angeles 54, Calif. 
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Safe Handling of Surplus 


Varec 
Pig. 248 


| 


Varec 
Fig. 211 


Sewage Gases 


Varec 
Fig. 201A 


Varec 
Fig. 52A 


SEWAGE GAS ‘CONTROL 


and SAFETY DEVICES 


Modern Sewage Treatment Plants, 
like other processing plants, require 
equipment specifically designed to main- 
tain conditions which will produce maxi- 
mum operating efficiency. 

VAREC equipment has become 
recognized as “standard” for safe and 
efficient sewage gas handling. It is 
simple, foolproof and dependable — yet 
designed to meet the highest engineer- 


$-11 


VAPOR RECOVERY SYSTEMS COMPANY 
2820 N. Alameda St., Compton, Calif. 
Cable address: VAREC COMPTON Calif. (U.S.A.) All Codes 


Available from Authorized Sewage Equipment Agents throughout U.S. and Canada. 


ing standards of accuracy, sensitivity 
and reliability. 

The photograph above illustrates a 
typical VAREC control and waste gas 
burner installation for safe disposal of 
excess gases. 

For additional details on this instal- 
lation, or information on other available 
VAREC equipment, contact your nearest 
VAREC representative or address: 


Varec 
Pa 
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**Disposal of Radioactive Wastes,’’ 
by Royal E. Rostenbach, General Elec- 
Sterpl tric Co. Radiological Engineering Sec- 
Pee tion, Radiological Sciences Dept., Han- 


ford Atomie Products Operation, 
Richland, Wash. 


Chlorine Gas Control Equipment 
Visible Flow Indication 


: There were also symposiums on: 
Vacuum Solution Feed 


‘*Refuse Disposal by Incineration’’; 
i, for: Sewage Collection System’’; 
‘Sludge Drying and Disposal’’; and 
Water Works **Seum Control in 
|, Sewage Treatment Officers elected for 1956 were as 
Industrial Plants follows : 
Swimming Pools President: E. F. Eldridge, Olympia, 
Wash. 
—e* Vice-President: Andrew J. Wahl, 
Boise, Ida. 
Secretary-Treasurer: Walter W. Sax- 
ton, Olympia, Wash. 


Anyone can install 
Easy to operate 
Low Maintenance 

Costs Water W. Saxton, 
Secretary-Treasurer 


EVERSON MFG. CORP. 
207 W. Huron St. Chicago 10, Ill. 


(Continued on page 69a) 


SIX (6) TOP SUPERVISORY POSITIONS AVAILABLE IN 
THE CITY OF MIAMI’S NEW SEWAGE TREATMENT PLANT 


The City of Miami, Florida, is accepting applications to staff their new Activated Sludge 
Sewage Treatment Plant, to be completed during the early part of 1956, as follows: 


SEWAGE TREATMENT PLANT SUPERINTENDENT. (1) 
Salary range $7,872-$9,744. Desired Qualifications: 8-10 years previous 
experience in the operation of complex sewage treatment works. Education: 
Degree in Sanitary Engineering; or in Civil or Chemical Engineering with 
courses in sanitary engineering. 


ASSISTANT SEWAGE TREATMENT PLANT SUPERINTEND- 
ENT. (1) Salary range $6,372-$7,872. Desired Qualifications: 6-8 years 
previous experience in the operation of complex sewage treatment plants. 
Education: Degree in Sanitary Engineering or in Civil or Chemical Engi- 
neering with courses in sanitary engineering. 


SEWAGE TREATMENT PLANT SUPERVISORS. (4) Salary 
range $5,388-$6,648. Desired Qualifications: At least five (5) years pre- 
vious experience in the operation of complex sewage treatment plants. Edu- 
cation: Graduation from high school or a vocational school with courses in 
the chemistry and biology of sewage treatment or related subjects. 


The above positions are all under Civil Service jurisdiction and include paid vacations 
and sick leave, health, welfare and pension plans and many other employee benefits. 
Excellent working conditions in a wonderful climate with congenial employees. 


Send complete summary of your education, previous experience and personal data to 
C. F. Wertz, Director, City of Miami, Department of Water and Sewers, 3342 Pan 
American Drive, Miami 33, Florida. (All replies treated strictly confidential.) 
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NEW ENGLAND SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The Fall Meeting of the New Eng- 
land Sewage and Industrial Wastes 
Association was held November 3, 
1955, at the Woodland Country Club, 
Auburndale, Mass. The meeting was 
well attended in spite of the weather; 
more than 170 were present. 

Papers presented at the meeting 
were as follows: 


‘*Experiences with Synthetic Filter 
Cloths in Vacuum Filtration of 
Sludge,’’ by LeRoy W. Van Kleeck, 
Principal Sanitary Engineer, Con- 
necticut Dept. of Health, Hartford, 
Conn. 

‘*Sewage Sludge Thickening at the 
Middleborough, Massachusetts, Biofil- 
tration Plant,’’ by Sterling G. Brisbin, 
Sanitary Engineer, Dorr-Oliver, Inc., 
Stamford, Conn. 

‘Sewer Rentals and Sewer Exten- 
sion Charges in Massachusetts,’’ by 
Clarence I. Sterling, Jr., Director, 
Division of Sanitary Engineering, 
Massachusetts Dept. of Public Health, 
Boston, Mass. 


An extremely interesting round 
table discussion on ‘‘ Experiences Dur- 
ing the Recent Flood and Lessons 
Learned Therefrom,’’ was led by J. 
Henry L. Giles, Engineer of Sanita- 
tion, Bureau of Public Works, Hart- 
ford, Conn. 

Officers elected for 1956 were as 
follows: 


President: J. Henry L. Giles, Hart- 
ford, Conn. 

Ist Vice-President: Clair N. Sawyer, 
Cambridge, Mass. 

2nd Vice-President: John MacDonald, 
Springfield, Mass. 

Secretary-Treasurer: Henry F. Mun- 
roe, Cranston, R. I. 

Assistant Secretary-Treasurer: Earle 
Howard, Hartford, Conn. 


Henry F. Munroe, 
Secretary-Treasurer 
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Since 1885 


NoW 245 SEWAGE 
SHREDDERS INSTALLED 
IN CITIES IN U.S.A. 


Convincing proof 


SEE the performance of the 
GRUENDLER SEWAGE SHREDDER 


in a City, near yours— 
(Locations mailed on request) 


Typical Gruendler Twin Installation 


3 SHREDDERS INSTALLED 
in 


1955 


Yuma, Arizona 
Sonoma State Hospital, Eldridge, Calif. 
Larson Equipment Co., Los eles, Calif. 
State Hospital, Mendocino, Calif. 
Sunnyvale, California 
Fairfield State Hospital, Newtown, Conn. 
Gainesville, Georgia 
Topeka, Kansas 
Lawrence, Kansas 
Campbellsville, Kentucky 
Anoka, Minnesota 
Fairibault, Minnesota 
Mid-Continent International Airport, 
Platte County, Mo. 

Monroe, Michigan 
Elizabeth, New Jersey 
Coney Island, Brooklyn, N.Y. 

ersey City, N.Y. 

t. Lawence State Hospital, Ogdensburg, N.Y. 
Alexandria, Virginia 
Petersburg, Virginia 
Darby Creek Joint Authority, 

Darby Township, Pa. 

Philadelphia, Pa. 
Brantford, Ontario, Canada 


Flow control through wastes disintegration 


CATALOG —S.G.10 mailed without obligation, 
containing diagrams for installation, types and 
sizes of Sewage Shredders, Garbage Grinders, Dry 
Sludge Shredders, Refuse & Compost Grinders. 


GRUENDLER 


CRUSHER & PULVERIZER CO. 


2915 N. MARKET ST. Dept. SIW2 ST. LOUIS 6. MO. 
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SEWAGE AND INDUSTRIAL WASTES 


DIRECTORY OF ENGINEERS 


(Continued through page 75a) 


ALBRIGHT & FRIEL, INC. 
CONSULTING ENGINEERS 


Water, Sewage, Industrial Wastes and Incineration Problems 
ity Planning, Highways, Bridges and Airports 
Beas Flood Control, Industrial Buildings 
Investigations, Reports, Appraisals and Rates 
Laboratory for Chemical & Bacteriological Analyses 
Complete Service on Design and Supervision of Construction 
THREE PENN CENTER PLAZA 
PHILADELPHIA 2, PENNSYLVANIA 


ALVORD, BURDICK & HOWSON 
Engineers 
Charles B. Burdick Louis R. Howson 
Donald H. Maxwell 


Water Works, 
Flood Relief, 
Disposal, 


Water Purification, 

Sewerage, Sewage 

Drainage, Appraisals, 
Power Generation 


Civic Opera Bullding Chicago 


ANDERS@N-NICHOLS 


Consulting Engineers 
Water Supply, Distribution and Treatment, In- 
dustrial Waste Treatment, Sewage Collection and 
Disposal, Refuse Collection and Disposal, Drain- 
age, Highways and Bridges 


Concord, N. H. Boston 14 Baltimore, Md. 


JOHN J. BAFFA 
Consulting Engineer 


Sewerage & Sewage Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 
Investigations & Rate Studies 


75 West Street New York 6, N. Y. 


MICHAEL BAKER, JR., Inc. 
Consulting Engineers 
Civil Engineers, Planners, and Surveyors 
Municipal Engineers—Airport Design 
Systems 
and Maps 


Sewage Disposal 

Water Works Design and Operation—Surveys 
City Planning—Highway Design—Construc- 
tion Surveys—Pipe Line Surveys 


Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 
Water Supplies Water Treatment 
Sewer Systems Sewage Treatment 
Industrial Waste Treatment 
Investigations 


P. 0. Box 67 Crystal Lake, Illinols 


W. H. & L. D. BETZ 
Consulting Engineers 


Industrial Waste 

Industrial Water 

Design 
Operation 


Philadelphia 24, Pa. 


Analysis 
Investigations 


Gillingham & Worth Sts. 


BLACK & VEATCH 
Consulting Engineers 
Sewage - Water - Electricity - Industry 


Reports, Design, Supervision 
of Construction, Investigations, 
Valuation and Rates 


4706 Broadway Kansas City 2, Mo. 


BOGERT AND CHILDS 
Consulting Engineers 

Curnton L. Bocert Frep 8. CHILDS 

Ivan L. BoGert DoNALD M. DITMARS 
Rospert A. LINCOLN CHARLES A. MANGANARO 

WILLIAM MARTIN 

Water & Sewage Works Refuse Disposal 
Drainage Flood Control 
Highways and Bridges Airfields 


145 East 32nd Street, New York 16, N. Y¥. 


ONLY $60 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


Take advantage of the services 


of these outstanding consultants! 
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SEWAGE AND INDUSTRIAL WASTES 


BOWE, ALBERTSON & ASSOCIATES 


Engineers 


Sewage and Water Works—lIndustrial 
Wastes—Refuse Disposal—M unicipal 
Projects—Industrial Buildings-—-Reports— 
lans—Specifications—Supervision of 
Construction and Operation— 
Valuations—Laboratory Service 


New York 6, N. Y. 


75 West Street 


ONLY $60 PER YEAR 


is the cost of a professional listing 


in this space. A card here 
tify your firm with the 
sewage and industrial wastes field and 
will afford maximum prestige! 


will iden- 
specialized 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 
WATER - SEWAGE - INDUSTRIAL WASTE 


CONSULTATION - DESIGN - OPERATION 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET 


SAN FRANCISCO 3 


112 East 19th Street 


BUCK, SEIFERT AND JOST 


Consulting Engineers 


Specializing in Sewerage and Sewage Disposal, 


Water Supply and Water Purification, 


Valuations and Reports 


Chemical and Biological Laboratories 


New York 3, N. ¥. 


BURGESS & NIPLE 


Civil and Sanitary Engineers 
Established 1908 
Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


2015 W. Fifth Ave. 


Columbus 12, Ohio 


BURNS & McDONNELL 


Engineers - Architects - Consultants 
KANSAS CITY, MO. 


P.O. Box 7088 


Phone: DElmar 3-4375 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 

Control 


6 Beacon St. Boston 8, Mass. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 


Designs and Surveys Roads and Streets 


Planning Airports 
Bridges Dams 


Executive Offices 


DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants—Incineration—Gas Systems 

Valuations—Rates-Management 

Laboratory—City Planning 


210 E. Park Way, Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 


Engineers ~ Architects 


Municipal 
Commercial 


Phone 4-0127 


Industrial 


220 W. LaSalle St., South Bend, Ind. 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply —Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 


351 East Ohio St. 


Chicago 11, Ill, 


Thomas Dolan 


CONSULTING BIOLOGISTS 
Charles B. Wurtz 
Freshwater and Marine Pollution Surveys 


Biological Surveys of Sewage and 


Industrial Wastes 
Effects of Pollution 


Self-Purification Capacity Studies 


Bioassays 


Analyses, Chemical and Bacteriological 


Investigations and Reports 


706 Commercial Trust Bldg. 
Philadelphia 2, Pa. 


It pays to secure competent and experienced engineering advice! 
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SEWAGE AND INDUSTRIAL WASTES 


Damon & Foster 


Consulting Cirt! Engineers and 
Surveyors 
Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


FREDERICK H. DECHANT 
ENGINEER 


Chairman of the Board, Frederic R. Harris Inc. 
Water W orks, Industrial Wastes, 
Sewerage, Recovery Processes, 
Hydraulic Works, Gas Plants 
Philadelphia: Fidelity Phila. Trust Bldg. 
New York: 27 William St. 


DE LEUW, CATHER & COMPANY 


Sewerage 
tailroad Highways 
Grade Separation—Bridges—Subways 
Local Transportation 


Investigations Reports — Appraisals 
Plans and Supervision of Construction 


150 North Wacker Drive 
505 Colorado Bldg. 


Chicago 6 
Washington 5 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 
Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installation 


Electro Rust-Proofing Corp. (N.J.) 


Belleville 9, New Jersey 


FAY, SPOFFORD & THORNDIKE 
ENGINEERS 
W. Horne 
Bron A. BOWMAN L. HyLanp 
CARROLL A. FARWELL FRANK L. LINCOLN 
Howarp J. WILLIAMS 
Water Supply and Distribution—Drainage 
Sewerage and Sewage Trentment 
Airports—Bridges—Turnpikes 

Port and Terminal Works—-Industrial Bidges 

BOSTON NEW YORK 


JOHN AYER 


FINKBEINER, PETTIS & STROUT 


Carveron 8. Finkserver Perris 
Harovp K. Srrovr 
Consulting Engineers 
Reports, Designs, Supervision, 
Water Supply ‘ater Treatment, Sewerage, 
Sev e Treatment, Wastes Treatment 
Valuations & Appraisals 


518 Jefferson Avenue Toledo 4, Ohio 


FREESE & NICHOLS 
FORT WORTH, TEXAS 
FREESE, NICHOLS & TURNER 
HOUSTON, TEXAS 
Industrial and Municipal Engineering 
Water Supply and Purification—Sewerage 
and Industrial Waste Treatment—tHlich 
ways and Structures—-Dams—Drainage 
Works— Airports—Investigations—Vaiua 
tion——Design and Supervision 


FROMHERZ ENGINEERS 
Structural - Civil - Sanitary 
Four Generations Since 1867 

Water Supply; Sewerage; Structures ; 

Drainage; Foundations 
Industrial Waste Disposal 
Investigations; Reports; Plans and 
Specifications ; Supervision 


816 Howard Avenue New Orleans 12, La. 


Your firm should be 
listed here 
the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 
ment. 


EDWARD A. FULTON 
Consulting Engineers 


Investigations, Reports, Valuations, De 
sign and Construction—Water Supply and 
Purification Plants; Sewerage and Sew 
age Treatment Works; Municipal Paving 
and Power Developments; Dams and 
Flood Control 


3209 Brown Road Saint Louis 14, Missouri 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Dams, Water Works, Sewage, Industrial Wastes & Gar- 
bage Disposal, Highways, Bridges & Airports, Traffic & 
Parking—Appraisals, Investigations & Reports 
HARRISBURG, PENNA. 

Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fila. Pleasant- 
ville, N. J. Chesapeake, W. Va. 


Take advantage of the services of these outstanding consultants! 
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GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 
New York 607 Washington St. Washington 
Iphia 


ouston READING, PA. Philade 


GLACE AND GLACE 
Consulting Sanitary Engineers 


Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 
Design, Construction and Supervision 
of Operation 


1001 N. Front Street Harrisburg, Pa. 


GREELEY & HANSEN 


Engineers 


Samuel A. Greeley Paul Hansen (1920-1944) 
Pau! E. Langdon Kenneth V. Hill 
Thomas M. Niles Samuel M. Clarke 


Water Supply, Water Purification 
Flood Control, Drainage, Refuse Disposal 
Sewerage, Sewage Treatment 


220 S. State Street, Chicago 4 


HASKINS, RIDDLE & SHARP 


Consulting Engineers 


Water—Sewage & Industrial Wastes—Hydraulics 
Reports, Design, Supervision of Construction 
Appraisals, Valuations, Rate Studies 


1009 Baltimore Ave. Kansas City 5, Mo. 


HAVENS AND EMERSON 


W. L. Havens A. A. Burger 
J. W. Avery H. H. Moseley 
F. 8. Palocsay E. S. Ordway 


F. C. Tolles, Consultant 
Consulting Enginee:s 
Water, SEWERAGE, GARBAGE, INDUSTRIAL 
WASTES, VALUATIONS—LABORATORIES 
Leader Bidg. Woolworth Bidg. 
Cleveland 14, 0. New York 7, N. ¥. 


HAZEN AND SAWYER 
ENGINEERS 
Ricuarnp Hazen Avrrep W. Sawyvenr 


Municipal and Industrial Water Supply 
Purification and Distribution 
Sewage Works and Waste Disposal 


Investigations, Design, 
Supervision of Construction and Operation 


122 East 42nd Street New York 17, N. ¥. 


HENNINGSON, DURHAM 
& RICHARDSON, INC. 


Consulting Engineers since 1917 for more than 
600 cities and towns 
Water Works, Light and Power, Sewers, Sew: 


Treatment, Reports, Flood Control, Apprai 
Drainage 


Standard Ol! Bldg. Omaha 2, Nebraska 


HORNER & SHIFRIN 


Cc iting Eng rs 
W. W. Horner E. E. Bross 
C. LiscHeR 
Airports ~— Hydraulic Engineering — 
Sewerage and Sewage Treatment — 
Water Supply — Municipal Engineering 
— Reports 


Shell Building, St. Louis 3, Missouri 


JONES, HENRY & WILLIAMS 
Consulting Sanitary Engineers 


Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


KAIGHIN AND HUGHES 
ENGINEERS 
INDUSTRIAL WASTES DIVISION 
E. B. Bessetievre, Mor. 

STUDY - DESIGN - EQUIPMENT - CONSTRUCTION 
1080 Atlantic Ave. Toledo 1, Ohio 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 


Water Supply and Purification, Sewe and 
Sewage Treatment, Garbage and Refuse 
~ Disposal and Incineration, Industrial 
Buildings. 


TROY, N. Y. FT. LAUDERDALE, FLA. 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 
offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 5 


It pays to secure competent and experienced engineering advice! 
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SEWAGE AND INDUSTRIAL WASTES 


KOEBIG AND KOEBIG 


Consulting Engineers Since 1910 


MORRIS KNOWLES Inc. 


Engineers 
& Investigations, Reports, 


Des 8 Appraisals 
Water Supply and Purification, Sewer- 
age and Sewage Disposal, Valuations, Water Supply & Water Treatment 
Laboratory, City Planning. Municipal Engineering 
Industrial Buildings 


1312 Park Bidg. Pittsburgh 22, Pa. 
3142 Wilshire Bivd., Los Angeles 5, Calif. 


Wm. S. Lozier Co. GEORGE B. MEBUS, Inc. 
Consulting Consulting Engineers 
Sewerage, Sewage Disposal, Water Supply Sewage Treatment 
Supply Puri- Industrial Waste Treatment 
10 Gibbs Street Rochester, 4, N. Y. GLENSIDE, PA. 


METCALF & EDDY Nussbaumer, Clarke & Velzy, Inc. 
Engineers Consulting Engineers 


Water, Sewage, Drainage, Refuse and SEWAGE TREATMENT—WATER SUPPLY 
Industrial Wastes Problems INCINERATION—DRAINAGE 
Laboratory Valuations INDUSTRIAL WASTE TREATMENT 
Airports APPRAISALS 


Statler Building 327 Franklin St., Buffalo, N. Y. 
Boston 16 500 Fifth Ave., New York 36, N. ¥. 


PARSONS, BRINCKERHOFF 
HALL & MACDONALD E. C. PATTEE 
G. Gale Dixon, Associate Consulting Chemical Engineer 
Wellington Donaldson, Staff Consultant 
Water, Sewage, Drainage and 
Industrial Waste Problems. Process Development, Surveys & Design 


Industrial Waste Disposal 


Structures — Power ~ Transportation 


5! Broadway New York 6, N.Y. Provident Bank Bldg., Cincinnati 2, Ohio 


PIATT AND DAVIS MALCOLM PIRNIE ENGINEERS 


WM. M. PIATT P. D. DAVIS Civil and Sanitary Engineers 
Ci Its: Designing, and § ising Engi Malcolm Pirnie Ernest W. Whitlock 
Robert D. Mitchell Carl A. Arenander 
Water Works, Sanitary Sewers, Water Purification Malcolm Pirnie, Jr. 
Sewage Treatment, Public Buildings, Streets Investigations, Reports, Plans 


Power Plants, Electrica! Distribution Supervision of Construction 
and Operations 


Reports and Appraisals Appraisals and Rates 
One Eleven Corcoran St. Bidg. Durham, N. C. 25 West 43rd Street New York 36, N. Y. 


LEE T. PURCELL THOMAS M. RIDDICK 


Consulting Engineer Consulting Engineers and Chemists 
Water Supply & Purification; Sewerage & Sew- Municipal and Industrial Water Purification, 
age Disposal; Industrial Wastes; Investigations Sewage Treatment Plant Supervision, 
& Reports; Design ; Supervision of Industrial Waste Treatment 
Construction & Operation Laboratories for Chemical and Bacteriological 
Analytical Laboratories Analyses 


36 De Grasse St. Paterson 1, N. J. 369 B. 149th Se. New York 55, N.Y. 


Take advantage of the services of these outstanding consultants! 
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SEWAGE AND INDUSTRIAL WASTES 


RIPPLE AND HOWE, Inc. 
Consulting Engineers 
O. J. Rippre V. A. VASEEN 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 
833-35 Twenty-Third St. Denver 5, Colorado 


B. V. Howe 


RUSSELL AND AXON 


Consulting Engineers 


Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 
408 Olive St., Municipal Airport 
St. Louls 2, Mo. Daytona Beach, Fla. 


SMITH and GILLESPIE 


Consulting Engineers 


All types of 
Municipal Public Works & 
Utilities 
Complete Services 


P. O. Box 1048, Jacksonville, Fla. 


STANLEY 
ENGINEERING COMPANY 


Consulting Engineers 


327 S. LaSalle Street 
Chicago 4, Illinois 


Hershey Building 
Muscatine, lowa 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 


Water Supply—Sewerage—Waste Disposal 
Bridges— Highways—lIndustrial Buildings 
Studies—Surveys—Reports 


209 S. High St. Columbus 15, Ohio 


HENRY W. TAYLOR 
Consulting Engineer 


Water Supply, Sewerage 
Refuse Disposal, Incineration 
Industrial Develop ts 


Freeport, N.Y. 


151 W. Merrick Rd. 


J. STEPHEN WATKINS 
J. 8. Warkins G. R. Watkins 
CONSULTING ENGINEERS 
Municipal and Industrial Engineering, Water 
Supply and Purification, Sewerage and Sewage 
Treatment, Highways and Structures, Reports, 

Investigations and Rate Structures. 

251 East High Street Lexington, Kentucky 
Branch Office 

4726 Preston Highway Louisville, Kentucky 


ONLY $60 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


WESTON, ECKENFELDER AND ASSOCIATES 


Consultants 
Rial 


Boi 
ENG 


gi Chemists 
Industrial Wastes 
Stream Pollution—Air Pollution 
Water—Sewage 
Surveys—Research— Development— Process 
Engineering—Operation Supervision—Anal- 
yses—Evaluations and Reports 


Newtown Square, Pa. Leonia, N. J. 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 
Wastes Treatment 
Stream Pollution Studies 
Supervision, Valuation 
Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage, Sewage Disposal, Municipal and In- 

dustrial Development Problems, Water Supply, 

Water Purification, Water Front Improvements, 

Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 


Civil — Sanitary — Structural 
Mechanical — Electrical 


Reports, Plans Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


It pays to secure competent and experienced engineering advice! 
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Chapman Valve 

low, James B. & Sons Glows Division). 

oustion Engineering, (Raymond Division) 

Chemical Division, (Aililed CRemical Dye Cometation) 


Wallace & Tiernan Incorporated .. Rack 


DIRECTORY oF. ‘ENGINEERS, 702-758 


Albright & Priel, 
Alvord, Burdick @ Howson 
Anderson-Nichols & Company 
Baffa, John J, 

Baker, Michael, Je., Imes 
Baxter & Woodman 

Bets, W. By 
Black & Veatch 
Bogert and Childs q 
Bowe, Albertson & 
Brown & Caldwell 
Buck, Seifert & Jost 

Burgess & Nipte 

Burns & McDonnell 

Camp, Dresser & McKee” 

Capitol Engineering Comp, 
Chester Engineers, The 

Cole, Chas. W.-& Son 

Consoer, Towasend & 

ConsuhRing Biologists: 

Damon Foster 


& Stanley Engincesing Company 
Fin kbeiner, Pettis & Strout : 
Fromherz, Engineers Wak! ben 
Fulton, Edward A atkins, J. Step! 
Gilbert Associates, Tne. 
Glace and Glace 
Greeley & Hansen 


PATRONIZE OUR support makes possible the pub- 
lication of this journal, Wien tertting adgertisers be sure to mention 
AND INDUSTRIAL 


3 
‘ee 
Haikint, Riddle & Sharp: 
Sigitingson, Durham & Richandsom, Inc. 
Jones, Henry & Williams 
Maier, Wm. S., Company 
Mlebus, George B. 
Firale, Maicol, Engineers 
Purcell, Lee T, 3 
LANCASTER PRESS; INC,, RANCASTER, pa, 


Concepts of 
Chlorination, 
Control for 
Sewage... 


AT THE WASHINGTON, C. 
SEWAGE TREATMENT PLANT 


Design off the Washington, D. C, Sewage Treatment - 
Plant utilizes,modern coiicepts of sewage 
control. W&T water diaphragm, high capacity Cie 
rinators at the Plant are controlled from remote chiorne: 
rate setting stations which operate by push 

Remote contro! stations allow plant operatemets 

vange Chlorine feed rates without leaving the 
center of the plant. Remote rate of feed indicatoma 
stations show the rate at which chlorine is being eda]. 
immediately show changes im the rate of feed. WET 
Chlorine Blow Recorders a permanent record of 


total amount ‘of chiorine f fed each point of applications: 

In addition to remote chlorinator control, Wa is 
many other types of accurate and effective controls 
which can help the operation of your plant. From simple 
intermittent start-stop operation through automatie pre 
portioning of chlorine feed to sewage flow, 
trol based on plant flow patterns, and ORP recordar: 
contr@liers, W&T can answer your chiormster contents 
problerm. 


WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET, BELLEVILLE 9, NEW veRsey 


. 
4 
$1020 
4 & q 
: 


